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(54) NITRIDE SEMICONDUCTOR ELEMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To enhance the power efficiency of a nitride 
semiconductor element, by a method wherein at least one of P-type 
nitride semiconductor layers is formed into a superlattice layer. 
SOLUTION: The fundamental structure of this nitride semiconductor 
element is the fundamental structure of an LED element of a structure, 
wherein a buffer layer 2 consisting of a GaN layer, an N side contact layer 
3 consisting of an N-type Si-doped GaN layer, an active layer 4 consisting 
of an InGaN layer of a single quantum well structure a P side clad layer 5 
consisting of a superlattice layer formed by laminating first layers and 
second layers, the compositions of which are different from each other, 
and a P side contact layer consisting of an Mg-doped GaN layer are 
laminated in order on a substrate 1 consisting of a saphire. When the film 
thickness of the first and the second layers constituting the superlattice 
layer is thicker than 100 &angst:, the elastic strain of the first and the 
second layers exceeds the limit of the elastic strain, and as a micro- 
cracking or a cr/stal defect becomes liable to be formed in the film of the 
first and the second layers, it is preferable that the film thickness is set in 
a film thickness thinner than 100 &angst;. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 
[Claim(s)] 

[Claim 1] It is the nitride semiconductor device characterized by at least one of said the p mold nitride semi-conductor 
layers being a superlattice layer in the nitride semiconductor device equipped with 1 or multilayer p mold nitride semi- 
conductor layer, and the barrier layer that consists of a nitride semi-conductor which a carrier is poured in through this p 
mold nitride semi-conductor layer, and carries out predetermined actuation. 

[Claim 2] It is the nitride semiconductor device characterized by at least one of said p mold nitride semi-conductor layer 
and said n mold nitride semi-conductor layers being a superlattice layer in the nitride semiconductor device which has a 
barrier layer between 1, multilayer n mold nitride semi-conductor layer and 1, or multilayer p mold nitride semi-conductor 
layer. 

[Claim 3] Said superlattice layer is the nitride semiconductor device according to claim 1 or 2 to which the laminating of 
the 2nd layer which consists of a nitride semi-conductor which a presentation differs from the 1st layer which consists of 
a nitride semi-conductor which has thickness lOOA or less, and this 1st layer, and has thickness lOOA or less was carried 
out 

[Claim 4] The nitride semiconductor device according to claim 3 which either [ at least ] said 1st layer or the 2nd layer 
becomes from the nitride semi-conductor containing aluminum, 

[Claim 5] The nitride semiconductor device according to claim 4 whose nitride semi-conductor containing said aluminum is 
a nitride semi-conductor expressed with formula AIYGal-YN (however, 0< Y<=1). 

[Claim 6] The nitride semiconductor device according to claim 5 which said 1st layer becomes from the nitride semi- 
conductor expressed with formula InXGa1-XN (0<=X<=1) in said superlattice layer, and said 2nd layer becomes from the 
nitride semi-conductor expressed with formula AIYGal-YN (0<=Y<=1, X=Y!=0). 

[Claim 7] The nitride semiconductor device according to claim 6 which said 1st layer becomes from the nitride semi- 
conductor expressed with formula InXGa1-XN (0<=X<1) in said superlattice layer, and said 2nd layer becomes from the 
nitride semi-conductor expressed with formula AIYGal-YN (0< Y<1). 

[Claim 8] A nitride semiconductor device given in claim 3 which said the 1st layer and said 2nd layer become from the 
nitride semi-conductor which has thickness 70A or less, respectively thru/or any 1 term of 7. 

[Claim 9] The thickness of said 1st layer and the 2nd layer is a nitride semiconductor device given In claim 3 which is 
within the limits of 1 OA - 70A, respectively thru/or any 1 term of 7. 

[Claim 10] A nitride semiconductor device given in claim 1 whose thickness of this p side contact layer it has the p side 
contact layer for said nitride semiconductor device to form p electrode as said p mold nitride semi-conductor layer 
further, and is 500A or less thru/or any 1 term of 9. 

[Claim 11] The nitride semiconductor device according to claim 10 whose thickness of said this p side contact layer is 
300A or less and 1 OA or more further. 

[Claim 12] A nitride semiconductor device given in claim 1 by which said superlattice layer was formed between said 
barrier layer and said p side contact layer coming [ the p side contact layer for said nitride semiconductor device to form 
p electrode as said p mold nitride semi-conductor layer further ] thru/or any 1 term of 12. 

[Claim 13] The 2nd buffer layer which said nitride semiconductor device becomes from the nitride semi-conductor of 0.1 
micrometers or more of thickness formed through the 1st buffer layer on the substrate further, this — a nitride 
semiconductor device given in claim 1 which has the n side contact layer which consists of a nitride semi-conductor which 
was formed on the 2nd buffer layer, and with which n mold impurity was doped and which comes to form n electrode in 
this n side contact layer thru/or any 1 term of 1 3. 

[Claim 14] The nitride semiconductor device according to claim 13 whose high impurity concentration of said 2nd buffer 
layer is low concentration as compared with said n side contact layer. 

[Claim 15] Either [ at least ] said 1st buffer layer or said 2nd buffer layer is the nitride semiconductor device according to 
claim 13 or 14 characterized by the nitride semi-conductor layer of lOOA or less of thickness from which a presentation 
differs mutually consisting of a superlattice layer by which the laminating was carried out. 

[Claim 16] A nitride semiconductor device given in claim 2 by which said superlattice layer was formed between said 
barrier layer and said n side contact layer including the n side contact layer for said nitride semiconductor device to form 
n electrode as said n mold nitride semi-conductor layer further thru/or any 1 term of 12. 

[Claim 17] A nitride semiconductor device given in claim 3 by which the impurity which sets the conductivity type of this 
layer as n mold or p mold at either [ at least ] said 1 st layer or said 2nd layer was doped thru/or any 1 term of 1 6. 
[Claim 18] A nitride semiconductor device given in claim 3 from which the concentration of the impurity which sets the 
conductivity type of this layer as n mold or p mold doped by said the 1st layer and said 2nd layer differs mutually thru/or 
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any 1 term of 16. 

[Claim 19] The nitride semiconductor device according to claim 18 to which the bandgap energy of said 1st layer and said 
2nd layer differed mutually, and bandgap energy enlarged high impurity concentration of a large layer in said nitride 
semiconductor device. 

[Claim 20] Said superlattice layer is a nitride semiconductor device given in claim 3 characterized by being formed as an n 
side contact layer in which n electrode is formed thru/or any 1 term of 19. 

[Claim 21] In the nitride semiconductor device which is equipped with a barrier layer between n mold nitride semi- 
conductor layer containing the n side cladding layer, and p mold nitride semi-conductor layer containing the p side cladding 
layer, and carries out laser oscillation in this barrier layer The 1st layer which said n side cladding layer turns into from the 
nitride semi-conductor which has thickness 100A or less. It is the superlattice layer to which the laminating of the 2nd 
layer which consists of a nitride semi-conductor which a presentation differs from this 1st layer, and has thickness 100A 
or less was carried out. And the 3rd layer which said p side cladding layer turns into from the nitride semi-conductor 
which has thickness 100A or less, The nitride semiconductor device characterized by being the superlattice layer to which 
the laminating of the 4th layer which consists of a nitride semi-conductor which a presentation differs from this 3rd layer, 
and has thickness 100A or less was carried out. 

[Claim 22] The nitride semiconductor device according to claim 21 by which the crest-like ridge section was formed in the 
resonance direction in the layer currently formed above said p side cladding layer and this p side cladding layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the component which consists of a nitride semi-conductor (InXAIYGal- 
X-YN, 0 <=X, 0<=Y. X+Y<=1) used for electron devices, such as photo detectors, such as light emitting devices, such as 
LED (light emitting diode) and LD (laser diodeX a solar battery, and a photosensor, or a transistor. In addition, general 
formula InXGal-XN used in this specification, AIYGal-YN. etc. are not shown till X value of those layers and Y value being 
in agreement, even if the empirical formula of a nitride semi-conductor layer is only shown and a different layer is shown 
by the same general formula, for example. 
[0002] 

[Description of the Prior Art] The nitride semi-conductor was just put in practical use with the full color LED display, the 
traffic light, etc. as an ingredient of high brightness blue LED and authentic green LED recently. LED used for these 
various devices has terrorism structure to the double by which the barrier layer which consists of InGaN of single quantum 
well structure (SQW:Single-Quantum-Well) was sandwiched between n mold nitride semi-conductor layer and p mold 
nitride semi-conductor layer. Wavelength, such as blue and green, is determined by fluctuating In presentation ratio of an 
InGaN barrier layer. 

[0003] Moreover, these people announced the 410nm laser oscillation in a room temperature for the first time under pulse 
current in the world recently using this ingredient (for example, Jpn.J.Appl.Phys.Vol35 (1996) pp.L74-76). This laser 
component is the conditions of 2 microseconds of pulse width, and 2ms of pulse periods, and shows the oscillation of the 
threshold current of 610mA, and threshold-current consistency 8.7 kA/cm2,41 Onm. The threshold current announced the 
improved low laser component further again in Appl.Phys.Lett., Vol.69, No.10. 2 Sep.1996. and p.1 477-1 479. This laser 
component has the structure where the ridge stripe was formed in a part of p mold nitride semi-conductor layer, is 1 
microsecond of pulse width, 1ms of pulse periods, and 0.1% of duty ratio, and shows the threshold current of 187mA, and 
threshold-current consistency the oscillation of 2,410 nm of 3kA/cm. 
[0004] 

[Problem(s) to be Solved by the Invention] The blue which consists of a nitride semi-conductor, and green LED are 
forward current (If)20mA, and compared with the red LED which forward voltage (Vf) becomes from the semi-conductor of 
those with 3.4V - 3.6V, and a GaAIAs system, more than 2V, since it is high, the further fall of Vf is desired. Moreover, in 
LD, the current in a threshold and an electrical potential difference are still high, and in order to carry out continuous 
oscillation at a room temperature, it is necessary to realize a component with still higher power efficiency for which this 
threshold current and an electrical potential difference fall. 

[0005] Therefore, by reducing the current in the threshold of LD component which mainly consists of a nitride semi- 
conductor, and an electrical potential difference, the place made into the purpose of this invention realizes continuous 
oscillation, and reduces Vf with an LED component, is reliable, and is to realize the nitride semiconductor device excellent 
in power efficiency. 
[0006] 

[Means for Solving the Problem] As a result of examining a nitride semiconductor device wholeheartedly that p type layer 
which sandwiched the barrier layer, and/or n type layer should be improved, by using a superlattice layer for p type layer 
except a barrier layer, and/or n type layer, this invention persons could make the crystallinity of the layer using a 
superlattice layer good, newly find out that said problem is solvable, and came to accomplish this invention. That is, in the 
nitride semiconductor device which the 1st nitride semiconductor device concerning this invention equipped with 1 or 
multilayer p mold nitride semi-conductor layer, and the barrier layer that consists of a nitride semi-conductor with which a 
carrier is poured in through this p mold nitride semi-conductor layer, and predetermined actuation is carried out, at least 
one of said the p mold nitride semi-conductor layers is characterized by being a superlattice layer. Since the resistance of 
p mold nitride semi-conductor layer which consists of said superlattice layer can be made very low by this, power 
efficiency of a nitride semiconductor device can be made high. 

[0007] Moreover, in the nitride semiconductor device in which the 2nd nitride semiconductor device concerning this 
invention has a barrier layer between 1, multilayer n mold nitride semi-conductor layer and 1, or multilayer p mold nitride 
semi-conductor layer, at least one of said p mold nitride semi-conductor layer and said n mold nitride semi-conductor 
layers is characterized by being a superlattice layer. 

[0008] Moreover, in the 1st [ of this invention ], and 2nd nitride semiconductor device, in order to improve the crystallinity 
of said superlattice layer further, as for said superlattice layer, it is desirable that the laminating of the 2nd layer which 
consists of a nitride semi-conductor which a presentation differs from the 1st layer which consists of a nitride semi- 
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conductor which has thickness lOOA or less, and this 1st layer, and has thickness 100A or less is carried out. 

[O009] Furthermore, in the 1st of this Invention, or the 2nd nitride semiconductor device, since a carrier is confined in a 

barrier layer, that either [ at least ] said 1 st layer or the 2nd layer consists of a nitride semi-conductor with a 

comparatively large energy band gap which contains aluminum at least uses AIYGal-YN (0< Y<=1) desirable still more 

preferably. 

[0010] Moreover, as for a superlattice layer, in the 1st of this invention, or the 2nd nitride semiconductor device, it is 
desirable to come to carry out the laminating of the 1st layer which consists of InXGa1-XN (0<=X<=1). and the 2nd layer 
which consists of AlYGal-YN (0<=Y<=1, X=Y!=0). However, it cannot be overemphasized that AlYGal-YN and the 2nd 
layer have the 1st the same layer also at InXGal-XN. Since a crystalline good semi-conductor layer is obtained and the 
nitride semi-conductor expressed with this general formula AIYGal-YN and InXGa1-XN can form a layer with few crystal 
defects, the crystallinity of the whole nitride semi-conductor becomes good, and when improvement (improvement in 
power efficiency) and this component are an LED component or a LD component about the output of this component, it 
can make low Vf, a threshold current, an electrical potential difference, etc. In addition, it is still more desirable to consist 
of a nitride semi-conductor by which said 1st layer consists of a nitride semi-conductor expressed with formula InXGal- 
XN (0<=X<1) in said superlattice layer, and said 2nd layer is expressed with the 1st of this invention or the 2nd nitride 
semiconductor device by formula AlYGal-YN (0< Y<1) in order to form a layer with still few crystal defects. 
[0011] Moreover, in the 1st of this invention, or the 2nd nitride semiconductor device, that it is 70A or less sets desirable 
still more preferably the thickness of said 1st layer and the 2nd layer as 40A or less. Moreover, that it is 5A or more sets 
desirable stilt more preferably the thickness of said 1st layer and the 2nd layer as 10A or more. By setting up within the 
limits of this, nitride semi-conductor layers, such as AIYGal-YN (0< Y<=1) which was hard to grow up. can form with 
sufficient crystallinity by the former. Of the p mold nitride semi-conductor layers which are between p electrode and a 
barrier layer especially, at least further And/or, when using as a superlattice layer at least one of n mold nitride semi- 
conductor layers between the n side contact layer as a current impregnation layer in which n electrode is formed, and a 
barrier layer, the effectiveness by setting the 1st layer which constitutes the superlattice layer, and the 2nd layer as said 
thickness is large. 

[0012] Moreover, in the 1st of this invention, or the 2nd nitride semiconductor device, it is desirable to have the p side 
contact layer for forming p electrode as said p mold nitride semi-conductor layer, and to set the thickness of this p side 
contact layer as 500A or less. Thus, the resistance of the thickness direction of this p side contact layer can be lowered 
by forming thinly. Therefore, it is desirable to set it as 300A or less further in this invention. Moreover, as for the minimum 
of the thickness of this p side contact layer, it is desirable to set it as 10A or more so that the semi-conductor layer 
under this p mold contact layer may not be exposed. 

[0013] When the 2nd nitride semiconductor device of this invention is equipped with the p side contact layer for forming p 
electrode as said p mold nitride semi-conductor layer, it is desirable that said superlattice layer is formed between said 
barrier layer and said p side contact layer. 

[0014] moreover, the 2nd buffer layer which the 2nd nitride semiconductor device of this invention becomes from the 
nitride semi-conductor of 0.1 micrometers or more of thickness formed through the 1st buffer layer on the substrate 
further — this — it is desirable that have the n side contact layer which consists of a nitride semi-conductor which was 
formed on the 2nd buffer layer, and with which n mold impurity was doped, and n electrode is formed in this n side contact 
layer. By this, carrier concentration can form the large n side contact layer with sufficient crystallinity. In order to form 
the 2nd buffer layer the first half with still more sufficient crystallinity. it is desirable that the high impurity concentration 
of said 2nd buffer layer is low concentration as compared with said n side contact layer. 

[0015] Moreover, as for either [ at least ] said 1st buffer layer or said 2nd buffer layer in the above-mentioned nitride 
semiconductor device, it is desirable that the nitride semi-conductor layer of 100A or less of thickness from which a 
presentation differs mutually consists of a superlattice layer by which the laminating was carried out. 

[0016] Moreover, when the 2nd n'rtride semiconductor device of this invention is equipped with the n side contact layer for 
forming n electrode as said n mold nitride semi-conductor layer, it is desirable that said superlattice layer is formed 
between said barrier layer and said n side contact layer. For example, with LD component, the layer formed between said 
barrier layer and said p side contact layer or between said barrier layer and said n side contact layer is a cladding layer 
which acts as a carrier confining layer and a lightguide layer, and can reduce a threshold current and an electrical potential 
difference notably by applying to these layers, the threshold current by the thing which are between a barrier layer and 
said p mold contact layer especially and which is applied to the cladding layer of p mold, for example, and an electrical 
potential difference — being low — ***3Se5}e3i! js large. 

[0017] Moreover, in the 2nd nitride semiconductor device of this invention, it is desirable that the impurity which 
determines a conductivity type as either [ at least ] said 1st layer or the 2nd layer is doped, and it is still more desirable 
that high impurity concentration differs in the 1st layer and 2nd layer in a superlattice layer, the [ in addition, / which is 
doped by the nitride semi-conductor with the impurity which determines a conductivity type / periodic table ] — the [ 4A 
group. 4B group, and ] — the [ 6A group and ] — p mold impurity belonging to n mold impurity belonging to 6B group and 
1A, IB group, 2A group, and 2B group is pointed out (this specification is hereafter described as n mold impurity and p 
mold impurity suitably.). Furthermore, when bandgap energy differs in the 1st layer and 2nd layer, it is desirable to enlarge 
high impurity concentration of a layer with larger bandgap energy. A high increase in power by the modulation dope at the 
time of forming a superlattice layer in p mold nitride semi-conductor layer side is expectable with this. 
[0018] In the 2nd nitride semiconductor device of this invention, said superlattice layer can raise power efficiency 
according to effectiveness which was similar to HEMT mentioned later by being able to form as an n side contact layer 
which n electrode touches, and bandgap energy's differing mutually in the 1st layer and 2nd layer which constitute a 
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superlattice layer especially in this case, and enlarging high impurity concentration of a layer with larger bandgap energy. 
For example, it is in the inclination for threshold voltage and a threshold current to fall further, with a laser component. 
[0019] The nitride semiconductor device of one mode concerning this invention It has a barrier layer between n mold 
nitride semi-conductor layer containing the n side cladding layer, and p mold nitride semi-conductor layer containing the p 
side cladding layer. The 1st layer which consists of a nitride semi-conductor with which it is the nitride semiconductor 
device which carries out laser oscillation in this barrier layer, and said n side cladding layer has thickness 100A or less. It 
is the superlattice layer to which the laminating of the 2nd layer which consists of a nitride semi-conductor which a 
presentation differs from this 1st layer, and has thickness 100A or less was carried out. And the 4th layer which consists 
of a nitride semi-conductor which a presentation differs from the 3rd layer which said p side cladding layer turns into from 
the nitride semi-conductor which has thickness 100A or less, and this 3rd layer, and has thickness 100A or less is 
characterized by being the superlattice layer by which the laminating was carried out By this, this nitride semiconductor 
device can make low the threshold current and threshold voltage at the time of laser oscillation. Moreover, in the layer 
currently formed above said p side cladding layer and this p side cladding layer in the nitride semiconductor device 
concerning this invention which carries out laser oscillation, it is desirable that the crest-like ridge section is formed in the 
resonance direction. 
[0020] 

[Embodiment of the Invention] Hereafter, the nitride semiconductor device of the gestalt of the operation which relates to 
this invention with reference to a drawing is explained. 

Operation gestalt 1. drawing 1 is the typical sectional view showing the structure of the nitride semiconductor device of 
the operation gestalt 1 concerning this invention. This nitride semiconductor device As fundamental structure, on the 
substrate 1 which consists of sapphire The buffer layer 2 which consists of GaN. the n side contact layer 3 which consists 
of an Si dope n mold GaN. the barrier layer 4 which consists of InGaN of single quantum well structure, the p side cladding 
layer 5 which the 1st layer from which a presentation differs mutually, and the 2nd layer turn into from the superlattice 
layer by which the laminating was carried out The p side contact layer 6 which consists of a Mg dope GaN is the LED 
component by which the laminating is carried out to order. In addition, in the nitride semiconductor device of the operation 
gestalt 1. the n electrode 9 is further formed in the front face of the n side contact layer 2 of p side contact layer 6 front 
face exposed by carrying out etching removal of a part of nitride semi-conductor layer from the p side contact layer 6 by 
forming the whole surface electrode 7 of translucency in the whole surface, and forming the p electrode 8 for bondings in 
the front face of the whole surface electrode 7 mostly. 

[0021] The nitride semiconductor device of the operation gestalt 1 here For example, the 1st layer of 30A of thickness 
which consists of InXGal-XN (0<=X<=1) which doped Mg as a p mold impurity, Since the 2nd layer of 30A of thickness 
which consists of p mold AIYGal-YN (0<=Y<=1) which similarly doped Mg with the 1st layer and tales doses as a p mold 
impurity is equipped with the p side cladding layer 5 which has the low resistance which consisted of superlattice layers by 
which the laminating was carried out. Vf can be made low. Thus, when forming a superlattice layer in a p layer side, it 
considers as the superlattice layer which dopes p mold impurities, such as Mg. Zn, Gd, and Be, in the 1st layer and/or the 
2nd layer, and has the conductivity type of p mold, as the order of a laminating — the — the [ 1+ ] — the [ the 2+1 st ... 
or, and ] — the [ 2+ ] — the order of the l+2nd ... is sufficient and a total of two or more layer laminating is carried out at 
least. 

[0022] In addition, the 1st layer and 2nd layer which consist of a nitride semi-conductor which constitutes a superlattice 
layer are not necessarily limited to the layer which consists of a layer which consists of InXGal-XN (0<=X<=1), and 
AlYGal-YN (0<=Y<=1), and should just consist of nitride semi-conductors with which presentations differ mutually. 
Moreover, even if the bandgap energy of the 1st layer and the 2nd layer differs, it does not matter even when it is the 
same. For example, although the bandgap energy of the 2nd layer will surely become larger than the 1st layer if the 1st 
layer is constituted fi^om InXGal-XN (0<=X<=1) and the 2nd layer is constituted from AlYGal-YN (0< Y<=1) If the 1st 
layer is constituted from InXGal-XN (0<=X<=1) and the 2nd layer is constituted from InZAll-ZN (0< Z<=1), the 1st layer 
and 2nd layer may have the . same bandgap energy, although presentations differ. Moreover, similarly, if the 1st layer is 
constituted from AlYGal-YN (0<=Y<=1) and the 2nd layer is constituted from InZAIl-ZN (0< Z<=1), although presentations 
differ, bandgap energy may be the same [ the 1st layer and 2nd layer ]. That is, as long as it is a superlattice layer which 
has the operation mentioned later, even if the bandgap energy of this invention of the 1st layer and the 2nd layer is the 
same, they may differ. As mentioned above, the superlattice layer said here is a large concept which says the thing of the 
layer by which the laminating was carried out and includes quantum well structure, without carrying out the laminating of 
the filnn extremely, and the defect accompanying a stacking fault whose presentations differ occurring, since the thickness 
of each class is sufficiently thin. Moreover, although this superlattice layer does not have a defect inside, since it has the 
distortion accompanying a stacking fault it is also usually called a strained super lattice. In this invention, even if V group 
elements, such as As and P. permute a part of N (nitrogen) of the 1st layer and the 2nd layer, as long as N exists, it is 
contained in a nitride semi-conductor. 

[0023] In this invention, if thicker than lOOA, since the 1st layer and 2nd layer will serve as thickness beyond an elastic 
distortion limitation and a very small crack or a crystal defect will become easy to enter into this film, as for the thickness 
of the 1st layer which constitutes a superlattice layer, and the 2nd layer, it is desirable to set it as thickness 100A or less. 
Moreover, especially the minimum of the thickness of the 1st layer and the 2nd layer is not limited, but should just be one 
or more atomic layers. However, in order not to fully reach the critical (elastic distortion) marginal thickness of a nitride 
semi-conductor as the thickness of the 1st layer and the 2nd layer is 100A in this invention, but to carry out to below 
elastic distortion marginal thickness and to lessen the crystal defect of a nitride semi-conductor more, it is most desirable 
that setting it as 70A or less sets up desirable still more desirable more thinly, and it sets it as 40A - lOA. Moreover, 
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although you may set it as 10A or less (one atomic layer or two atomic layers) in this invention, since formation time 
amount and time and effort will be taken on ** whose number of laminatings increases, and a production process, for 
example when forming the cladding layer of thickness 500A or more in a superlattice layer if it is set as 10A or less, it is 
desirable [ the thickness of the 1st layer and the 2nd layer ] to set up more thickly than 10A. 

[0024] In the case of the nitride semiconductor device of this operation gestalt 1 shown in drawing 1 . p mold cladding 
layer 5 which consists of a superlattice layer is formed between a barrier layer 4 and the p side contact layer 6 which is a 
current impregnation layer, and is acting as a carrier confining layer. Thus, to make especially a superlattice layer into a 
carrier confining layer, it is necessary to make average bandgap energy of a superlattice layer larger than a barrier layer. 
With a nitride semi-conductor, since the nitride semi-conductor containing aluminum, such as AIN, AIGaN, and InAIN, has 
comparatively big bandgap energy, these layers are used as a carrier confining layer. However, if a thick film is grown up by 
the AIGaN single like before, it has the property in which a crack tends to enter into crystal growth. 
[0025] Then, the nitride semi-conductor which contains aluminum at least in this invention for either [ at least ] the 1st 
layer of a superlattice layer, or the 2nd layer, there are few cracks by forming AIYGal-YN (0< Y<=1) by the thickness 
below an elastic distortion limitation preferably, and constituting a superlattice layer — growth formation of the crystalline 
good superlattice layer is carried out very much, and. moreover, bandgap energy forms the big layer. In this case, it is 
made hard to act also as a buffer layer at the time of growing up the 2nd layer which consists of a nitride semi-conductor 
containing aluminum, if the nitride semi-conductor layer which does not contain aluminum in the 1st layer is grown up by 
thickness lOOA or less still more preferably, and to go a crack into the 2nd layer. Therefore, even if it carries out the 
laminating of the 1st layer and 2nd layer, a crystalline good superlattice layer without a crack can be formed. Therefore, it 
is desirable to use a superlattice layer as the 1st layer (the 2nd layer) which consists of InXGal-XN (0<=X<=1), and the 
2nd layer (the 1st layer) which consists of AIYGal-YN (0<=Y<=1, X!=Y=0) with this operation gestalt 1. 
[0026] Moreover, in the nitride semiconductor device of this operation gestalt 1, in order to adjust carrier concentration to 
one [ at least] layer of the 1st layer which constitutes the p side cladding layer 5 which is a superlattice layer, and the 
2nd layer, it is desirable that the impurity of p mold which sets the conductivity type of this layer as p mold is doped. 
Moreover, dope is also good by the concentration in which the 1st layer difFers from the 2nd layer when doping the 
impurity of p mold in the 1st layer and 2nd layer, and when the bandgap energy of the 1st layer and the 2nd layer differs, it 
is still more desirable for bandgap energy to make the big layer high concentration. It is because the carrier concentration 
of one layer can become high substantially and the resistance of the whole superlattice layer can be reduced according to 
the quantum effectiveness by modulation doping, if an impurity is doped by concentration which is different in the 1st layer 
and the 2nd layer, respectively. Thus, in this invention, an impurity may be doped by different concentration in both the 1st 
layer and the 2nd layer, respectively, and an impurity may be doped in the 1st layer or the 2nd layer. 
[0027] in addition — although especially this invention is not limited for the high impurity concentration doped by the 1st 
layer and 2nd layer to this — p mold impurity — usually — three to 1x1022/cm3 of 1x1016-/cm — it is still more 
preferably desirable three to 1x1021/cm3 of lx1017-/cm and to adjust to the range of three to 2x1020/cm3 of 1x1018- 
/cm most preferably. It is because it is in the inclination for the crystallinity of a superlattice layer to worsen when [ than 
1xl022/cm3 ] more [ the effectiveness of reducing Vf and threshold voltage will be hard to be acquired if fewer than 
1x101 6/cm3, and ]. Moreover, it is desirable to also adjust n mold impurity to the same range. The reason is the same. 
[0028] However, in this invention, the impurity which determines a conductivity type as the 1st layer and 2nd layer does 
not need to be doped by the superlattice layer. The superlattice layer by which this impurity is not doped may be which 
layer between a barrier layer and a substrate, as long as it is n mold nitride semi-conductor layer field, and on the other 
hand, as long as it is p mold nitride semi-conductor layer field, it may be which layer between a carrier confining layer 
(optical confinement layer) and a barrier layer. 

[0029] Since the superlattice layer constituted as mentioned above carries out, carries out the laminating of the 1st layer 
and the 2nd layer to the thickness below an elastic distortion limitation and forms them in it, the lattice defect of a crystal 
can be reduced, and it can decrease a very small crack, and can improve crystallinity fast Consequently, since it can 
move without being able to make [ many ] the amount of dopes of an impurity, and being able to make the carrier 
concentration of n mold nitride semi-conductor layer and p mold nitride semi-conductor layer increase by this, without 
spoiling crystallinity not much, and scattering about these carriers according to a crystal defect, as compared with the 
nitride semi-conductor of p mold which does not have a superstructure, or n mold, single or more figures resistivity can be 
made low. 

[0030] therefore — the nitride semiconductor device (LED component) of this operation gestalt 1 — the former — low — 
Vf can be made low by obtaining a nitride semi-conductor layer's [ **** ] forming p mold cladding layer 5 by the side of p 
difficult layers (p type semiconductor layer field (field which consists of a p mold cladding layer 5 and a p mold contact 
layer 6)) using a superlattice layer, and making low the resistance of this p mold cladding layer 5. That is, compared with n 
mold nitride semi-conductor, resistivity is usually high [ semi-conductor / p mold crystal is the semi-conductor which is 
very hard to be obtained, and ], even if p mold nitride semi-conductor is obtained double or more figures. Therefore, by 
forming the superlattice layer of p mold in a p layer side, p type layer which consisted of superlattice layers can be 
extremely made low resistance, and the fall of Vf appears notably. In order to obtain p mold crystal conventionally, 
annealing of the nitride semi-conductor layer which doped p mold impurity is carried out as a technique, and the technique 
which produces the nitride semi-conductor of p mold is known by removing hydrogen (patent No. 2540791). However, even 
if it says that the nitride semi-conductor of p mold was obtained, the resistivity has more than number omega and cm. 
Then, crystallinity becomes good by using this p type layer as the superlattice layer of p mold, according to our 
examination, the single or more figures resistivity of these p layers can be made low as compared with the former, and the 
effectiveness that Vf makes it fall shows up notably. 
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[0031] Moreover, with this operation gestaft 1. since the superlattice layer which does not have a crystalline good crack by 
setting the 1st layer (the 2nd layer) to InXGal-XN (0<=X<=1) preferably as mentioned above, and constituting the 2nd 
layer (the 1st layer) from AIYGal-YN (0<=Y<=1, X!=Y=0) can be formed, a component life can be raised. 
[0032] Next, we compare and explain the conventional example and this invention which were indicated by the well-known 
reference containing the patent official report for which it applied before. First, we proposed JP,8-228048,A previously as 
a technique similar to this invention. This technique is a technique which forms the multilayers which consist of AIGaN. 
GaN, InGaN, etc. as light reflex film of a laser beam in the outside of n mold cladding layer which sandwiches a barrier 
layer, and/or the outside (that is, side which is separated from a barrier layer) of p mold cladding layer. Since multilayers 
are formed as light reflex film, and the thickness of that each class is designed by lambda/4n (the refractive index of 
n:nitride semi-conductor, lambda: wavelength), this technique is very thick. Therefore, each thickness of multilayers is not 
the thickness below an elastic distortion limitation. Moreover, USP The laser component of the structure which inserted 
the barrier layer into No. 5,146,465 by the mirror which consists of AIXGa1-XN/AIYGal-YN is indicated. In order to make 
AIGaN/AIGaN act as a mirror like [ this technique ] a last technique, thickness of each class must be thickened. It is very 
difficult to carry out the laminating of a many layers hard semi-conductor still like AIGaN without a crack. 
[0033] On the other hand, each thickness of the 1st and the 2nd layer is set up so that a superlattice layer may be 
constituted from this operation gestalt (both are preferably set to 100A or less and below critical thickness.), and it differs 
from said technique. The effectiveness by the strained super lattice of the nitride semi-conductor which constitutes a 
superlattice layer from this invention is used, crystallinity is raised, and Vf is reduced. 

[0034] Furthermore, the method of carrying out the laminating of AIN and GaN of a thin film to JP,5-110138,A and JP.5- 
110139,A, and obtaining the crystal of AIYGal-YN is indicated. In order to obtain the mixed crystal of AIYGa1-YN of a 
predetermined mixed-crysta! ratio, this technique is a technique which carries out the laminating of AIN of dozens of A 
thickness, and the GaN. and differs from the technique of this invention. And since it does not have the barrier layer which 
consists of InGaN, a crack tends to go into a superlattice layer. Moreover, the light emitting device of terrorism structure 
is indicated by JP,6-21 51 1>V and the No. 268257 [ six to ] official report to the double which has the barrier layer of the 
multiplex quantum well structure which carried out the laminating of GaN. InGaN or InGaN, and the InGaN. In this invention, 
it is the technique which makes layers other than a barrier layer multiplex quantum well structure, and differs also from 
this technique. 

[0035] When equipping a barrier layer with a nitride semi-conductor like InGaN which contains an indium at least with the 
component of this invention furthermore, the effectiveness of superlattice shows up notably. Bandgap energy is small and 
the InGaN barrier layer is most suitable as a barrier layer of a nitride semiconductor device. Therefore, if the superlattice 
layer which serves as InXGal-XN from AIYGal-YN is formed as a layer which **** a barrier layer, since a barrier layer, a 
bandgap energy difference, and a refractive-index difference can be enlarged, in case this superlattice layer realizes a 
laser component, it operates as an optical confinement layer which was very excellent (it applies to the nitride 
semiconductor device of the operation gestalt 2). Since the property of a crystal is soft compared with the nitride semi- 
conductor containing aluminum like other AIGaN(s), if InGaN makes InGaN a barrier layer, a crack will stop furthermore 
easily being able to go into each whole nitride semi-conductor layer which carried out the laminating. Conversely, when a 
nitride semi-conductor like AIGaN is made into a barrier layer, since the property of the crystal is hard, it is in the 
inclination for a crack to become easy to go into the whole crystal. 

[0036] It is desirable to adjust still more preferably 500A or less of 300A or less of thickness of the p side contact layer to 
200A or less most preferably furthermore, because, it mentioned above — as — resistivity — several — more than ohm- 
cm adjusts the thickness of a certain p mold nitride semi-conductor layer to 500A or less — further — resistivity — 
being low — since ****** is made, the current in a threshold and an electrical potential difference fall. Moreover, the 
amount of the hydrogen removed from p type layer can be made [ many ], and resistivity can be reduced further. 
[0037] As mentioned above, in the nitride semiconductor device of the gestalt 1 of this operation, as explained in full 
detail, since the 1st layer and 2nd layer constitute p mold cladding layer 5 from a superlattice layer by which the 
laminating was carried out. this p mold cladding layer 5 is extremely made to low resistance, and Vf of this component can 
be made low. 

[0038] With the above operation gestalt 1. although the superlattice layer was used for the p side cladding layer 5, this 
invention may use the superlattice layer of p mold not only for this but for the p side contact layer 6. That is, the 1st layer 
which consists of InXGal-XN, and the 2nd layer which consists of AIYGal-YN can also use the p side contact layer 6 into 
which a current (electron hole) is iojected as the superlattice layer of p mold by which the laminating was carried out. By 
using p mold contact layer 6 as a superlattice layer, when the bandgap energy of the 1st layer is smaller than the 2nd 
layer, it is desirable to consider as the layer which makes the outermost surface the 1st layer which bandgap energy 
becomes from small InXGal-XN. and contacts p electrode, contact resistance with p electrode becomes small, and 
desirable OMIKKU is obtained by this. This is because the direction of the 1st layer with small bandgap energy is in the 
inclination for a nitride semi-conductor layer with carrier concentration higher than the 2nd layer to be easy to be 
obtained. Moreover, by this invention, when forming further p mold nitride semi-conductor layers other than the above- 
mentioned p side cladding layer and the p side contact layer in p mold nitride semi-conductor layer field, this p mold 
nitride semi-conductor layer may consist of superlattice layers. 

[0039] With the above operation gestalt 1, although the superlattice layer was used for the p side cladding layer 5, this 
invention may use the superlattice layer of n mold for the n side contact layer 3 of not only p mold nitride semi-conductor 
layer field but n mold nitride semiconductor region. Thus, when using the n side contact layer 3 as a superlattice layer, n 
mold impurities, such as Si and germanium, can be doped in the 1st layer and/or 2nd layer, and the superlattice layer 
which has the conductivity type of n mold can be formed as an n mold contact layer 3 between a substrate 1 and a barrier 
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layer 4. In this case, it was checked that it is in the inclination for lateral resistance to fall if n mold contact layer 3 is 
especially used as the superlattice layer from which high impurity concentration differs, and for threshold voltage and a 
current to fall in LD. 

[0040] The effectiveness in which the operation similar to the following HEMT(s) (High-Electron-Mobility-Transistor) - 
appeared about the case where this forms in the direction of the big layer of bandgap energy the superlattice layer which 
doped nnany n mold impurities as a contact layer by the side of n layers is guessed. The 1st large layer of the band gap by 
which n mold impurity was doped (the 2nd layer), A band gap the 2nd layer (the 1st layer) of small undoping {(undope) the 
condition that the impurity is not doped below; is called undoping} in the superlattice layer which carried out the laminating 
By the heteroj unction interface of the layer which added n mold impurity, and the layer of undoping, the big layer side of 
bandgap energy depletion-izes, and an electron (two dimensional electron gas) is accumulated in the interface before and 
behind the thickness by the side of the small layer of bandgap energy (100A). In order not to receive dispersion by the 
impurity when an electron runs since this two dimensional electron gas turns on the small layer side of bandgap energy 
the mobility of the electron of a superlattice layer becomes high and it is guessed that resistivity falls. 
[0041] Moreover, in this invention, when preparing the cladding layer by the side of n in n mold nitride semi-conductor 
layer field, it is good also considering the cladding layer by the side of this n as a superlattice layer. When forming the n 
side contact layer and n mold nitride semi-conductor layers other than the n side cladding layer in n mold nitride semi- 
conductor layer field, it is good also considering this n mold nitride semi-conductor layer as a superlattice layer. However, 
when preparing the nitride semi-conductor layer which consists of a superlattice layer in n mold nitride semi-conductor 
layer field, it cannot be overemphasized that it is desirable to make into a superstructure the n side cladding layer as a 
carrier confining layer or the n side contact layer 3 into which a current (electron) is injected. 

[0042] thus, when boiling and preparing a superlattice layer in n mold nitride semi-conductor layer field between a barrier 
layer 4 and a substrate 1, it is not necessary to dope an impurity in the 1st layer and the 2nd layer which constitute a 
superlattice layer It is because a nitride semi-conductor has the property in which undoping also becomes n mold. 
However, it is more desirable to dope n mold impurities, such as Si and germanium, in the 1st layer and the 2nd layer, and 
to establish the difference of high impurity concentration as mentioned above, when forming in a n layer side. 
[0043] As mentioned above, crystalline improvement is mentioned like the case where the effectiveness at the time of 
forming a superlattice layer in n moid nitride semi-conductor layer field prepares a superlattice layer in p mold nitride 
semi-conductor layer field. When it explains to a detail, in the case of the nitride semiconductor device which has a 
heterojunction. the carrier confining layer of n mold and p mold usually consists of AIGaN(s) with large bandgap energy 
rather than a barrier layer. Crystal growth is very difficult for AlGaN, for example, when it is going to grow up it by 
thickness 0.5 micrometers or more by single presentation, it has the property in which a crack becomes easy to enter 
during a crystal. However, if the laminating of the 1st layer and the 2nd layer is carried out by the thickness below an 
elastic distortion limitation like this invention and it is a superlattice layer, since a crystalline good thing will be obtained 
only in the 1st single layer and the 2nd layer, while crystallinity has been good also as a thick superlattice layer of 
thickness, a cladding layer can grow the whole. Therefore, since the crystallinity of the whole nitride semi-conductor 
becomes good and the mobility of n mold field becomes large. Vf falls with the component which made the superlattice 
layer the cladding layer. Furthermore, when the impurity of Si and germanium is doped in a superlattice layer and a 
superlattice layer is used as a contact layer, it is thought that effectiveness similar to the above mentioned HEMT comes 
to show up notably, and threshold voltage and Vf can be reduced further. 

[0044] Thus, since it is used as a current impregnation layer formed by the cladding layer as a carrier confining layer 
formed in n mold field or p mold field to which a superlattice layer **** a barrier layer, the lightguide layer of a barrier 
layer, or an electrode touching in this invention, it is desirable to acjjust so that the average bandgap energy of the nitride 
semi-conductor which constitutes a superlattice layer may become larger than a barrier layer. 

[0045] Operation gestalt 2„ next the operation gestalt 2 concerning this invention are explained Drawing 2 is the typical 
sectional view (cross section perpendicular to the resonance direction of a laser beam) showing the structure of the 
nitride semiconductor device of the operation gestalt 2 concerning this invention. This nitride semiconductor device For 
example, it is n mold nitride semi-conductor layer field (it consists of the n side contact layer 12, the crack prevention 
layer 13, an n side cladding layer 14. and an n side lightguide layer 15.) on the substrates 10. such as sapphire which 
makes C side a principal plane, p mold nitride semiconductor region (it consists of the cap layer 17, the p side lightguide 
layer 1 8, a p side cladding layer 19, and a p side contact layer 20.) It is the nitride semiconductor laser diode component 
equipped with the barrier layer 16 which consists of a ****(ed) nitride semi-conductor 

[0046] H ere, the nitride semiconductor device of this operation gestalt 2 has set up low the threshold voltage of the 
nitride semiconductor device which is a LD component by forming the n side cladding layer 14 in n mold nitride semi- 
conductor layer field in a superlattice layer, and forming the p side cladding layer 19 in p mold nitride semiconductor region 
in a superlattice layer. The nitride semiconductor device of the operation gestalt 2 which starts this invention with 
reference to this drawing 2 below is explained to a detail. 

[0047] In the nitride semiconductor device of this operation gestalt 2, first, the n side contact layer 12 is formed through a 
buffer layer 11 and the 2nd buffer layer 112 on a substrate 10, further, on the n side contact layer 12, the laminating of 
the crack prevention layer 13. the n side cladding layer 14, and the n side lightguide layer 15 is carried out. and n mold 
nitride semi-conductor layer field is formed. In addition, the n lateral electrode 23 which carries out ohmic contact with 
the n side contact layer 12 is formed in the front face of the n side contact layer 12 exposed to the both sides of the 
crack prevention layer 13, respectively, and the n side pad electrode for wire bonding is formed on these n lateral 
electrodes 23. And the barrier layer 16 which consists of a nitride semi-conductor is formed on the n side lightguide layer 
15. further, on this barrier layer 16, the laminating of the cap layer 17. the p side lightguide layer 18, the p side cladding 
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layer 19» and the p side contact layer 20 is carried out, and p mold nitride semi-conductor layer field is formed. 
Furthermore, the p lateral electrode 21 which carries out ohmic contact with this p side contact layer 20 is formed on the 
p side contact layer 20, and the p side pad electrode for wire bonding is formed on these p lateral electrodes 21. By in 
addition, the upper part of the p side contact layer 20 and the p side cladding layer 19 By constituting the ridge section of 
the shape of a crest extended for a long time in the resonance direction, and forming this ridge section in it In a barrier 
layer 16, light is shut up crosswise (direction which intersects perpendicularly in the resonance direction), and laser 
oscillation of the resonator which resonates to the longitudinal direction of the ridge section is produced and carried out 
using the cleavage plane by which cleavage was carried out in the direction perpendicular to the ridge section (stripe-like 
electrode). 

[0048] Next, each component of the nitride semiconductor device of the operation gestalt 2 is explained. 

(Substrate 10) Semi-conductor substrates, such as SiC (6H. 4H, and 3C are included), ZnS and ZnO besides the sapphire 

which makes a principal plane the Rth page besides the sapphire which makes C side a principal plane, and the Ath page, 

and other insulating substrates like a spinel (MgA 1204), GaAs, and GaN, can be used for a substrate 10. 

[0049] (Buffer layer 11) A buffer layer 1 1 grows up AIN, GaN, AIGaN, InGaN. etc. at the temperature of 900 degrees C or 

less, and is formed in a 1 0A - hundreds of A thickness number. Although it forms in order that this buffer layer 1 1 may 

ease the lattice constant iojustice of a substrate and a nitride semi-conductor, it is also possible to omit according to the 

growth approach of a nitride semi-conductor, the class of substrate, etc. 

[0050] (The 2nd buffer layer 112) On said buffer layer 11. the 2nd buffer layer 112 is a layer which consists of a nitride 
semi-conductor of the single crystal grown up at the elevated temperature rather than said buffer layer, and has a thick 
film rather than a buffer layer 11. the nitride semi-conductor layer which this 2nd buffer layer 112 considers as a layer 
with less n mold high impurity concentration than the n side contact layer 12 grown up into a degree, or does not dope n 
mold impurity — if it is a GaN layer preferably, the crystallinity of the 2nd buffer layer 112 will become good. Most 
preferably if GaN of undoping of n mold impurity, a nitride semi-conductor with the most sufficient crystallinity will be 
obtained. If thickness several micrometers or more tends to constitute the n side contact layer which forms the negative 
electrode like before from the single nitride semi-conductor layer of high carrier concentration, it is necessary to grow up 
a layer with large n mold high impurity concentration. As for the layer of a thick film with large high impurity concentration, 
crystallinity tends to worsen. For this reason, on a bad crystalline layer, even if it grows up other nitride semi-conductors, 
such as a barrier layer, other layers will succeed a crystal defect and crystalline improvement cannot be desired Then, 
before growing up 12 layers of the n side contact layers, carrier concentration can grow up the large n side contact layer 
12 with sufficient crystallinity by growing up the 2nd crystalline good buffer layer 112 with small high impurity 
concentration. As for the thickness of this 2nd buffer layer 1 12, it is still more preferably desirable most preferably to 
acjjust to 1 micrometers or more and 20 micrometers or less 0.5 micrometers or more 0.1 micrometers or more. When the 
2nd buffer layer 112 is thinner than 0.1 micrometers, n mold contact layer 12 with large high impurity concentration must 
be grown up thickly, and it is in the inclination which can seldom desire crystalline improvement in the n side contact layer 
12. Moreover, when thicker than 20 micrometers, it is in the inclination for a crystal defect to tend to increase in the 2nd 
buffer layer 112 the very thing. Moreover, it considers as the advantage into which the 2nd buffer layer 1 12 is grown up 
thickly, and improvement in heat dissipation nature is mentioned. That is. when a laser component is produced, the life of 
heat of breadth or the laser component which becomes empty improves by the 2nd buffer layer 112. Furthermore, the 
leakage light of a laser beam spreads within the 2nd buffer layer 112. and it becomes easy to obtain the laser beam near 
an ellipse form. In addition, the 2nd buffer layer 112 may be omitted when conductive substrates, such as GaN, SiC, and 
ZnO. are used for a substrate. 

[0051] (n side contact layer 12) The n side contact layer 12 is a layer which acts as a contact layer which forms the 
negative electrode, and it is desirable to adjust to 0.2 micrometers or more and 4 micrometers or less. If thinner than 0.2. 
in case the negative electrode will be formed later, when it is difficult to control an etching rate to expose this layer and it 
makes it 4 micrometers or more on the other hand, it is in the inclination for crystallinity to worsen under the effect of an 
impurity. It is desirable the range of three to 1x1021/cm3 of 1x101 7-/cm and to ac(just still more preferably the range of n 
mold impurity doped to the nitride semi-conductor of this n side contact layer 12 to three to 1x1019/cm3 of 1x1018-/cm. 
Since the ingredient of n electrode and desirable OMIKKU will become is hard to be obtained if smaller than 1x1017-/cm3, 
with a laser component, a fall of a threshold current and an electrical potential difference cannot be desired, but if larger 
than 1x1021-/cm3, since the leakage current of the component itself will increase and crystallinity will also worsen, it is in 
the inclination for the life of a component to become short. In addition, in the n side contact layer 12. in order to make 
small ohmic contact resistance with the n electrode 23, it is desirable to make larger than the n cladding layer 14 
concentration of the impurity which raises the carrier concentration of this n side contact layer 12. In addition, the n side 
contact layer 12 acts not as a contact layer but as a buffer layer, when preparing the negative electrode in a substrate at 
a substrate rear-face side using conductive substrates, such as GaN, SiC, and ZnO. 

[0052] Moreover, one [ at least ] layer of the 2nd buffer layer 1 1 and the n side contact layers 12 can also be used as a 
superlattice layer. If it is a superlattice layer, the crystallinity of this layer will become good by leaps and bounds, and a 
threshold current will fall. Let the desirable n side contact layer 12 with thickness thinner than the 2nd buffer layer 1 1 be 
a superlattice layer. When the 1st layer from which bandgap energy differs mutually, and the 2nd layer make the n side 
contact layer 12 the superstructure which comes to carry out a laminating, by exposing the desirable small layer of 
bandgap energy and forming the n electrode 23, contact resistance with the n electrode 23 can be made low. and can 
reduce a threshold. In addition, as n mold nitride semi-conductor and an ingredient of the n electrode 23 with which 
desirable OMIKKU is obtained, a metal or alloys, such as aluminum, Ti, W, Si. Zn, Sn. and In. are mentioned. 
[0053] Moreover, by using n mold contact layer 12 as the superlattice layer from which high impurity concentration differs. 
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lateral resistance can be made low according to effectiveness similar to HEMT explained in the operation gestalt 1, and 
the threshold voltage of LD component and a current can be made low. 

[0054] (Crack prevention layer 13) The crack prevention layer 13 consists of In0.1Ga0.9N which doped Si 5x1018-/cm3. 
for example, has 500A thickness. This crack prevention layer 13 can prevent that a crack enters into the nitride semi- 
conductor layer containing aluminum formed on it the nitride semi-conductor of n mold containing In, and by growing up 
InGaN preferably and forming. In addition, as for this crack prevention layer 13, it is desirable to make it grow up by 
thickness (100A or more and 0.5 micrometers or less). If thinner than 100A, it will be hard to act as crack prevention as 
mentioned above, and when thicker than 0.5 micrometers, it is in the inclination for the crystal itself to be discolored in 
black. In addition, this crack prevention layer 13 may be omitted, when using the n side contact layer 12 as superlattice 
like this operation gestalt 1, or when using as a superlattice layer the n side cladding layer 14 grown up into a degree. 
[0055] (The n side cladding layer 14 which consists of n mold superlattice) It consists of n mold A10.2Ga0.8N which doped 
Si 5x1018-/cm3, and consists of the 1st layer which has 20A thickness, and GaN of undoping, the 2nd layer which has 
20A thickness consists of a superlattice layer by which the laminating was carried out by turns, and the n side cladding 
layer has 0.5-micrometer thickness on the whole. This n mold cladding layer 14 can grow a good carrier confining layer by 
it being desirable the nitride semi-conductor containing aluminum and to grow up AIGaN preferably, and growing up still 
more preferably 100A or more of 2 micrometers or less of one of layers by 500A or more and 1 micrometer or less, when 
it acts as a carrier confining layer and an optical confinement layer and considers as a superlattice layer. Although this n 
mold cladding layer 14 can also be grown up with a single nitride semi-conductor, the crystalline good carrier confining 
layer where a crack does not have considering as a superlattice layer can be formed. 

[0056] (n side lightguide layer 15) The n side lightguide layer 15 consists of an n mold GaN which doped Si 5x101 8-/cm3. 
and has 0.1 -micrometer thickness. As for this n side lightguide layer 6. it is desirable to act as a lightguide layer of a 
barrier layer, to grow up GaN and InGaN, and to form, and it is usually desirable to make it grow up by 200A - 1 
micrometer thickness still more preferably 100A - 5 micrometers. In addition, this lightguide layer 15 can also be used as a 
superlattice layer. When using the n side lightguide layer 15 and the n side cladding layer 14 as a superlattice layer, 
average bandgap energy of the nitride semi-conductor layer which constitutes a superlattice layer is made larger than a 
barrier layer. When considering as a superlattice layer, n mold impurity may be doped in either [ at least ] the 1st layer or 
the 2nd layer, and undoping is sufficient Moreover, the superlattice to which the laminating of the nitride semi-conductor 
independent of undoping or the nitride semi-conductor of undoping was carried out is sufficient as this lightguide layer 15. 
[0057] (Barrier layer 16) A barrier layer 16 consists of multiplex quantum well structures (MOW) of having predetermined 
thickness, by consisting of In0.2Ga0.8N which doped Si in 8x101 8-/cm3, and carrying out the laminating of the well layer 
which has 25A thickness, and the barrier layer which consists of In0.051Ga0.95N which doped Si 8xl018-/cm3, and has 
50A thickness by turns. In a barrier layer 16, an impurity may be doped to both a well layer and a barrier layer, and you 
may dope to either. In addition, when n mold impurity is doped, it is in the inclination for a threshold to fall. Moreover, a 
superlattice layer is distinguished in order to surely carry out the laminating of the small well layer of bandgap energy, and 
the barrier layer with bandgap energy smaller than a well layer, in making a barrier layer 16 into multiplex quantum well 
structure in this way. lOOA or less of 70A or less of thickness of a well layer is most preferably made into 50A or less. 
150A or less of lOOA or less of thickness of a barrier layer is most preferably made into 70A or less. 
[0058] (p side cap layer 17) The p side cap layer 17 consists of a barrier layer 16 from p mold aluminum0.3GaO.7N which 
bandgap energy is large, for example, doped Mg 1x1020-/cm3, for example, has 200A thickness. Although it is desirable to 
use the cap layer 1 7 in this way with this operation gestalt 2, since this cap layer is formed in thin thickness, it is good 
also as an i mold with which n mold impurity was doped and the carrier was compensated with this invention. 0.1 
micrometers or less of 500A or less of thickness of the p side cap layer 17 are most preferably acjjusted to 300A or less 
still more preferably. It is because a crack becomes easy to enter into the p side cap layer 17 and a crystalline good 
nitride semi-conductor layer cannot grow easily, if it is made to grow up by thickness thicker than 0.1 micrometers. 
Moreover, it is because it becomes impossible to pass p mold cap layer 17 from which a carrier becomes that the 
thickness of the p side cap layer 17 is 0.1 micrometers or more with this energy barrier according to the tunnel effect, and 
when passage of the carrier by this tunnel effect is taken into consideration, it is desirable to set it as 500A or less and 
300 moreA or less, as mentioned above. 

[0059] Moreover, in order to make LD component easy to oscillate, it is desirable that the presentation ratio of aluminum 
uses and forms large AIGaN, and it becomes easy to oscillate LD component in the p side cap layer 17, so that this AIGaN 
is formed thinly. For example, if Y values are 0.2 or more AIYGal-YN(s), adjusting to 500A or less is desirable. Although 
especially the minimum of the thickness of the p side cap layer 17 does not limit, it is desirable to form by thickness lOA 
or more. 

[0060] (p side lightguide layer 18) Bandgap energy is smaller than the p side cap layer 17, for example, consists of a p mold 
GaN which doped Mg 1x1020-/cm3, and the p side lightguide layer 18 has 0.1 -micrometer thickness. As for this p side 
lightguide layer 18, it is desirable to act as a lightguide layer of a barrier layer 16. to make it grow up by GaN and InGaN as 
well as the r side lightguide layer 15, and to form. Moreover, this layer acts as a desirable lightguide layer by acting also as 
a buffer layer at the time of growing up the p side cladding layer 19, and growing up 100A - 5 micrometers by 200A - 1 
micrometer thickness still more preferably. Although this p side lightguide layer usually dopes p mold impurities, such as 
Mg, and uses them as the conductivity type of p mold, it is not necessary to dope especially an impurity. In addition, this p 
side lightguide layer can also be used as a superlattice layer. When considering as a superlattice layer, p mold impurity may 
be doped in either [ at least ] the 1st layer or the 2nd layer, and undoping is sufficient 

[0061] (p side cladding layer 19= superlattice layer) The 1st layer which the p side cladding layer 19 consists of p mold 
aluminum0.2Ga0.8N which doped Mg 1xl020-/cm3, for example, has 20A thickness, and the 2nd layer which consists of a 
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p mold GaN which doped Mg 1xl020-/cm3. and has 20A thickness consist of a superlattice layer by which the laminating 
was carried out by turns. This p side cladding layer 19 acts as a carrier confining layer as well as the n side cladding layer 
14, and acts as a layer for reducing the resistivity of p type layer especially. Although especially the thickness of this p 
side cladding layer 19 is not limited, either, it is desirable to form by 500A or more and 1 micrometer or less still more 
preferably 2 micrometers or less 100A or more. 

[0062] (p side contact layer 20) On the p side cladding layer 19, the p side contact layer 20 consists of a p mold GaN 
which doped Mg 2x1020-/cm3, for example, has 150A thickness. This p side contact layer 20 can be constituted from 
InXAIYGal-X-YN (0 <=X, 0<=Y, X+Y<=1) of p mold, and GaN which doped Mg as mentioned above preferably, then the p 
electrode 21 and the most desirable ohmic contact are acquired. It is desirable to actjust still more preferably 500A or less 
of 300A or less of thickness of the p side contact layer to 200A or less most preferably furthermore, because, it 
mentioned above — as — resistivity — several — more than ohm-cm acjjusts the thickness of a certain p mold nitride 
semi-conductor layer to 500A or less — further — resistivity — being low — since ****** is made, the current in a 
th reshold and an electrical potential difference fall. Moreover, the amount of the hydrogen removed from p type layer can 
be made [ many ], and resistivity can be reduced further. 

[0063] In addition, the p side contact layer 20 can also be used as a superlattice layer in this invention, the 1st layer and 
2nd layer from which bandgap energy differs especially in considering as a superlattice layer — a laminating — carrying 
out the — the [ 1+ ] — the [ 2+ ] — 1+ the 2+ ... as — if the laminating is carried out and it is finally made exposed [ a 
layer with smaller bandgap energy ], the p electrode 21 and desirable ohmic contact will be acquired. As an ingredient of 
the p electrode 21, nickel, Pd, nickel/Au, etc. can be mentioned, for example. 

[0064] Moreover, with this operation gestalt 2, p pad electrode 22 electrically connected with the p electrode 21 through 
opening which the insulator layer 25 which consists of Si02 was formed in the front face of the nitride semi-conductor 
layer exposed between the p electrode 21 and the n electrode 23 as shown in drawing 2 , and was formed in this insulator 
layer 25, and n pad electrode 24 connected with the n electrode 23 are formed, the surface area of the p electrode 21 
with this substantial p pad electrode 22 — extending — p electrode side — wire bonding — being able to be made to 
carry out die bonding, on the other hand, n pad electrode 24 prevents peeling of the n electrode 23. 

[0065] The nitride semiconductor device of the above operation gestalt 2 is equipped with crystalline good p mold cladding 
layer 19 which are the 1st layer and a superlattice layer by which the laminating was carried out by making the 2nd layer 
into the thickness below an elastic distortion limitation. By this, since the nitride semiconductor device of this operation 
gestalt 2 can make low the single or more figures resistance of the p side cladding layer 19 as compared with the p side 
cladding layer which does not have a superstructure, it can make threshold voltage and a current low. 
[0066] Moreover, in the nitride semiconductor device of this operation gestalt 2, by touching the p side cladding layer 19 
containing p mold AIYGa1-YN, and forming the thickness thinly with 500A or less by using the small nitride semi- 
conductor of bandgap energy as the p side contact layer 20. the carrier concentration of the p side contact layer 20 
becomes high substantially, p electrode and desirable OMIKKU are obtained, and the threshold current of a component and 
an electrical potential difference can be made low. Furthermore, since it has the 2nd buffer layer 112 before growing up 
the n side contact layer, the crystallinity of the nitride semi-conductor layer grown up on the 2nd buffer layer 112 
becomes good, and a long lasting component can be realized. If the n side contact layer grown up on the 2nd buffer layer 
112 is preferably used as superlattice, lateral resistance becomes low and the low component of threshold voltage and a 
threshold current can be realized. 

[0067] In addition, when equipping a barrier layer 16 with a nitride semi-conductor like InGaN which contains an indium at 
least with LD component of this operation gestalt 2, it is desirable to use the superlattice layer to which the laminating of 
InXGal-XN and the AlYGal-YN was carried out by turns as a layer (the n side cladding layer 14 and the p side cladding 
layer 1 9) which **** a barrier layer 16. By this, since the bandgap energy difference of a barrier layer 16 and this 
superlattice layer and a refractive-index difference can be enlarged, this superiattice layer can be operated as an optical 
confinement layer which was very excellent, in case a laser component is realized. Since the property of a crystal is soft 
compared with the nitride semi-conductor containing aluminum like other AlGaN(s), if InGaN makes InGaN a barrier layer, a 
crack will stop furthermore easily being able to go into each whole nitride semi-conductor layer which carried out the 
laminating. The life of LD component can be lengthened by this. 

[0068] In the case of the semiconductor device of the double hetero structure of having the barrier layer 16 which has 
quantum well structure like this operation gestalt 2, the barrier layer 16 is touched. The p side cap layer 17 which consists 
of a nitride semi-conductor of 0.1 micrometers or less of thickness with large bandgap energy rather than a barrier layer 
16, and the p side cap layer 17 which becomes from the nitride semi-conductor which contains aluminum preferably are 
formed. The p side lightguide layer 18 with bandgap energy smaller than the p side cap layer 17 is formed in the location 
which is distant from a barrier layer from the p side cap layer 17. It is very more desirable than the p side lightguide layer 
18 that a band gap forms the p side cladding layer 19 which has a superstructure containing a large nitride semi-conductor 
and the nitride semi-conductor which contains aluminum preferably rather than the p side lightguide layer 18 in the 
location distant from the barrier layer. And in order that the electron poured in from n layers since bandgap energy of the 
p side cap layer 17 was enlarged may be prevented in this p side cap layer 17, and may be shut up and an electron may 
not overflow a barrier layer, the leakage current of a component decreases. 

[0069] Although the nitride semiconductor device of the above operation gestalt 2 showed structure desirable as structure 
of a laser component That what is necessary is just to have at least one layer of superlattice layers of n mold from the 
barrier layer 16 in this invention to tower n mold nitride semi-conductor layer field (n type layer side) Moreover, the 
superlattice layer of p mold does not specify especially a component configuration to upper p mold nitride semi-conductor 
layer field (p type layer side) from a barrier layer 16 that what is necessary is just to have at least one layer, either. 
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However, it is in the inclination most desirable when forming said superlattice layer in the p side cladding layer 1 9 as a 
carrier confining layer when forming in a p layer side, and forming in a n layer side and forming as n contact layer 12 as a 
current impregnation layer which the n electrode 23 touched, or an n cladding layer 14 as carrier ****** reduces Vf of a 
component, and a threshold- Moreover, it cannot be overemphasized that the same configuration as the component of the 
operation gestalt 2 is applicable to an LED component (however, with an LED component, the ridge section is 
unnecessary). 

[0070] In the nitride semiconductor device of the operation gestalt 2 constituted as mentioned above, after each class is 
formed, it is desirable to perform 400 degrees C or more in the ambient atmosphere which does not contain H, for 
example, nitrogen-gas-atmosphere mind, and to perform annealing at 700 degrees C, and since each class of p mold 
nitride semi-conductor layer field can be further formed into low resistance by this, threshold voltage can be further made 
low by this. 

[0071] moreover, in the nitride semiconductor device of the operation gestalt 2, the p electrode 21 which consists of 
nickel and Au is formed in the front face of the p side contact layer 12 in the shape of a stripe, and the n side contact 
layer is exposed to bilateral symmetry to this p electrode 21 — making — that n side contact layer front face — the n 
electrode 23 is mostly formed in the whole surface. Thus, the structure of forming the n electrode 23 in bilateral symmetry 
at the both sides of the p electrode 21 when an insulating substrate is used is very advantageous when making threshold 
voltage low. 

[0072] In addition, with this operation gestalt 2, the dielectric multilayers which become the cleavage plane (resonator 
side) which carried out cleavage in the direction perpendicular to the ridge section (stripe-like electrode) from Si02 and 
Ti02 may be formed. 

[0073] Thus, since it is used as a current impregnation layer formed by the cladding layer as a carrier confining layer 
formed in n mold field or p mold field to which a superlattice layer **** a barrier layer, the lightguide layer of a barrier 
layer, or an electrode touching in this invention, it is desirable to adjust so that the average bandgap energy of the nitride 
semi-conductor which constitutes a superlattice layer may become larger than a barrier layer. 
[0074] 

[Example] Hereafter, in an example, this invention is explained in full detail. 

The example 1 concerning [example 1] this invention is an example of creation of the nitride semiconductor device (LD 
component) shown in drawing 2 . and is produced in the following procedures. First, after setting the substrate 10 which 
consists of sapphire (C side) in a reaction container and permuting the inside of a container enough from hydrogen, 
hydrogen raises the temperature of a substrate to 1050 degrees C with a sink, and a substrate is cleaned. Then, 
temperature is lowered to 510 degrees C, hydrogen is used for carrier gas, ammonia (NHS) and TMG (trimethylgallium) are 
used for material gas. and the 1st buffer layer 11 which consists of GaN on a substrate 10 is grown up by about 200A 
thickness. 

[0075] Only TMG is stopped after buffer layer 11 growth, and temperature is raised to 1050 degrees C. If it becomes 1050 
degrees C, similarly TMG and ammonia gas will be used for material gas, and the 2nd buffer layer 112 which consists of 
undoping GaN of lx1018/of carrier concentration cm 3 will be grown up by 5-micrometer thickness, although the 2nd 
buffer layer can be constituted from InXAIYGa1-X-YN (0 <=X, 0<=Y, X+Y<=1) and especially the presentation is not what 
is asked — desirable — undoping — aluminum (Y value) — 0.1 or less AIYGal-YN — it is most preferably referred to as 
GaN of undoping. Then, silane gas (SiH4) is used for TMG, ammonia, and impurity gas at 1050 degrees C, and the n side 
contact layer 12 which consists of an n mold GaN which doped Si Ix1019~/cm3 is grown up by 1 "micrometer thickness. 
When this n side contact layer 12 is formed by superlattice. it is still more desirable. 

[0076] Next, temperature is made into 800 degrees C, silane gas is used for material gas at TMG, TMI (trimethylindium), 
ammonia, and impurity gas. and the crack prevention layer 13 which consists of InO.1 Ga0.9N which doped Si 5x1018-/cm3 
is grown up by 500A thickness. And the 2nd layer which temperature is made into 1050 degrees C, and the 1st layer which 
consists of n mold aluminumO,2Ga0.8N which doped Si 5x1018-/cm3 is grown up by 20A thickness using TMA. TMG. 
ammonia, and silane gas. then consists TMA and a silane of a stop and undoping GaN is grown up by 20A thickness. And 
this actuation is repeated 100 times, respectively and the n side cladding layer 14 which consists of a superlattice layer of 
the 0.4 micrometers of the total thickness is grown up. 

[0077] Then, the n side lightguide layer 15 which consists of an n mold GaN which doped Si 5x1018-/cm3 at 1050 degrees 
0 is grown up by 0.1 -micrometer thickness. Next a barrier layer 16 is grown up using TMG, TMI, ammonia, and a silane. A 
barrier layer 16 holds temperature at 800 degrees C, and grows up the well layer which consists of In0.2Ga0.8N which 
doped Si in 8x101 8-/cm3 first by 25A thickness. Next, the barrier layer which consists of InO.01GaO.99N which doped Si 
8x1018-/cm3 at the same temperature only by changing the mole ratio of TMI is grown up by 50A thickness. This 
actuation is repeated twice and the barrier layer 16 of the multiplex quantum well structure (MQW) of the 175A of the 
total thickness which carried out the laminating of the well layer to the last is grown up. 

[0078] Next, temperature is raised to 1050 degrees C, Gp2Mg (magnesium cyclopentadienyl) is used for material gas at 
TMG, TMA, ammonia, and impurity gas, and the p side cap layer 17 which consists of p mold aluminum0.3Ga0.7N to which 
bandgap energy was large and doped Mg 1x1020-/cm3 rather than the barrier layer is grown up by 300A thickness. Then, 
the p side lightguide layer 18 which bandgap energy becomes from the p mold GaN smaller than the p side cap layer 17 
which doped Mg 1x1020-/cm3 at 1050 degrees C is grown up by 0.1 -micrometer thickness. 

[0079] Then, the 1st layer which consists of p mold aluminum0.2Ga0.8N which doped Mg 1x1020-/cm3 at 1050 degrees C 
is grown up by 20A thickness using TMA, TMG, ammonia, and Cp2Mg, and the 2nd layer which consists of a p mold GaN 
which doped a stop and Mg only for TMA 1x1020-/cm3 continuously is grown up by 20A thickness. And this actuation is 
repeated 100 times, respectively and the p side cladding layer 19 which consists of a superlattice layer of the 0.4 
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micrometers of the total thickness is formed The p side contact layer 20 which finally consists of a p mold GaN which 
doped Mg 2x1020-/cm3 on the p side cladding layer 19 at 1050 degrees C is grown up by 150A thickness. 
[0080] Temperature is lowered to a room temperature after reaction termination, annealing is further performed for a 
wafer at 700 degrees C in a reaction container among nitrogen-gas-atmosphere mind, and p type layer is further formed 
into low resistance. As a wafer is picked out from a reaction container after annealing and it is shown in drawing 2 , the p 
side contact layer 20 of the maximum upper layer and the p side cladding layer 19 are etched with an RIE system, and it 
considers as the ridge configuration which has stripe width of face of 4 micrometers. 

[0081] Next, as a mask is formed in a ridge front face and it is shown in drawing 2 , it is made bilateral symmetry to a 
stripe-like ridge, and the front face of the n side contact layer 12 is exposed Next, the p electrode 21 of the stripe ridge 
outermost surface of the p side contact layer 20 which becomes the whole surface from nickel and Au is formed mostly, 
the n electrode 23 which consists of Ti and aluminum on the other hand — the stripe-like n side contact layer 3 — it 
forms in the whole surface mostly. 

[0082] Next, as shown in drawing 2 , the insulator layer 25 which consists of Si02 is formed in the front face of the nitride 
semi-conductor layer exposed between the p electrode 21 and the n electrode 23, and p pad electrode 22 electrically 
connected with the p electrode 21 through this insulator layer 25 and n pad electrode 24 are formed The wafer which 
formed n electrode and p electrode as mentioned above is transported to polish equipment, the silicon on sapphire 1 of 
the side which does not form the nitride semi-conductor is wrapped using a diamond abrasive material, and thickness of a 
substrate is set to 50 micrometers. After wrapping, it polishes 1 micrometer by the still finer abrasive material, and a 
substrate front face is made into the shape of a mirror plane. 

[0083] The scribe after substrate polish and of the polished surface side is carried out cleavage is carried out to the 
shape of a bar in a direction perpendicular to a stripe-like electrode, and a resonator is produced to a cleavage plane. The 
dielectric multilayers which consist of Si02 and Ti02 were formed in the resonator side, and finally, in the direction parallel 
to p electrode, the bar was cut and it considered as the laser chip. Next, when the chip was installed in the heat sink by 
face up (condition which the substrate and the heat sink countered), wire bonding of each electrode was carried out and 
laser oscillation was tried at the room temperature, in the room temperature, by threshold-current consistency 2.9 
kA/cm2 and threshold voltage 4.4V, continuous oscillation with an oscillation wavelength of 405nm was checked, and the 
life of 50 hours or more was shown. 

[0084] On the other hand, do not grow up the 2nd buffer layer 112 and Si grows up 5 micrometers of the n side contact 
layers 12 by the n mold GaN single doped 1x1019-/cm3 further. (Example 1 of a comparison) It is single 0.8 N 0.2 Ga, and 
0.4 micrometers is grown up. the n mold aluminum which doped Si for the n side cladding layer 14 1x1019-/cm3 — It is 
single 0.8 N 0.2 Ga, and 0.4 micrometers is grown up. the p mold aluminum which doped Mg for the p side cladding layer 19 
1x1020/m3 — 0.2 micrometers of single p molds GaN which furthermore doped Mg for the p side contact layer 20 
2x1020-/cm3 were grown up, and also the laser component was obtained like the example 1. That is, as a basic 
configuration, as shown in Table 1, it constitutes. 
[0085] 
[Table 1] 
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[0086] Thus, although, as for the laser component of the constituted example of a comparison, continuous oscillation was 
checked by 2 the threshold-current consistency of 7kA/cm, threshold voltage has gone out in those or more [ 8.0 ] with 
V, and several minutes. 

[0087] In the [example 2] example 1, the 2nd layer which the 1st layer which consists the n side contact layer 12 of n 
mold aluminumO.05GaO.95N which doped Si 2x1019-/cm3 is grown up by 30A thickness, then consists of GaN of undoping 
is grown up by 30A thickness, this is repeated, and it considers as the superstructure of the 1.2 micrometers of the total 
thickness. When considered as the laser component which has the same structure as an example 1. it is threshold-current 
consistency 2.7 kA/cm2 and threshold voltage 4.2V, and. as for the other structure, the life also showed 60 hours or more. 

[0088] In the [example 3] example 2, in the superlattice which constitutes the n side contact layer 12, when the laser 
component which the 2nd layer is set to GaN which doped Si 1x1018-/cm3, and also has the same structure as an 
example 2 was produced, the laser component which has a property almost equivalent to an example 2 was obtained. 
[0089] In the [example 4] example 1, although it went up to threshold -current consistency 2.9 kA/cm2 and threshold 
voltage 4.5V when the laser component which it is grown up 4 micrometers, using the 2nd buffer layer 112 as GaN which 
doped Si 1x1017-/cm3, and also has the same structure as an example 1 was produced, the life showed 50 hours or more. 

[0090] In the [example 5] example 1, the 2nd layer which consists of GaN which the 1st layer which consists the n side 
contact layer 12 of n mold aluminum0.2Ga0.8N which doped Si 2x1019-/cm3 was grown up by 60A thickness, then doped 
Si 1x1019-/cm3 is grown up by 40A thickness, this is repeated successively, and it considers as the superstructure of the 
2 micrometers of the total thickness, and the n mold aluminum which doped Si for the n side cladding layer 14 1x1019- 
/cm3 — it is single 0.8 N 0.2 Ga, and 0.4 micrometers is grown up. When considered as the laser component which has the 
same structure as an example 1, it is threshold-current consistency 3.2 kA/cm2 and threshold voltage 4.8V, and. as for 
the other structure, the life also showed 30 hours or more. 

[0091] As compared with an example 1, following (1) differs from (2). and also the [example 6] example 6 is constituted like 
an example 1. 

(1) Stop only TMG after buffer layer 1 1 growth, and raise temperature to 1050 degrees C. If it becomes 1050 degrees C, 
the 2nd layer which TMA, TMG, ammonia, and a silane are used for material gas, and the 1st layer which consists of n 
mold aluminum0.2Ga0.8N which doped Si 1xl019-/cm3 is grown up by 60A thickness, then consists of GaN of a silane and 
stop undoping of TMA will be grown up by 40A thickness, and 1st layer + 2nd layer + 1st layer + 2nd layer + ... as — a 
superlattice layer is constituted, respectively the 1st layer is made into 500 layers, the laminating of the 2nd layer is made 
alternately [ 500 layer ], and the n side contact layer 12 which consists of superlattice of the 5 micrometers of the total 
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thickness is formed. 

(2) Next, grow up the crack prevention layer 13 which consists of InO.I Ga0.9N which doped Si 5x1018-/cm3 like an 
example 1 by 500A thickness. And temperature is made into 1050 degrees C and the n side cladding layer 14 which 
consists of n mold aluminum0.2Ga0.8N which doped Si 5x10l8-/cm3 is grown up by 0.5-micrometer thickness using TMA. 
TMG. ammonia, and a silane. Let tops be the laser component of an example 1, and the laser component which has the 
same structure from the next n side cladding layer 14. That is, in the basic structure of Table 1, the laser component 
which uses the n side contact layer 12 and the p side cladding layer 19 as superlattice, and makes 150A thickness of the p 
side contact layer 20 like an example 1 is produced. It was threshold-current consistency 3.2 kA/cm2 and threshold 
voltage 4.8V, and 405nm continuous oscillation was checked and, as for this laser component, the life also showed 30 
hours or more. 

[0092] Furthermore, when a sequential change of the thickness of the p side contact layer of LD component of the 
structure of an example 6 is made, the relation between the thickness of the p side contact layer and the threshold 
voltage of LD component is shown in drawing 3 . As for this, the p side contact layer shows the threshold voltage in A 
(10A or less). B (10A), C (30A). D (150A, this example). E (500A), F (0.2 micrometers), G (0.5 micrometers), and H (0.8 
micronneters) sequentially from the left. As shown in this drawing, when the thickness of the p side contact layer exceeds 
500A, threshold voltage is in the inclination to go up gradually. As for the thickness of the p side contact layer 20, it is still 
more preferably desirable that it is 300A or less 500A or less. In addition, if it becomes 10A or less (2 atomic layers about 
1 atomic layer, near), since the front face of the lower p side cladding layer 19 will be exposed, contact resistance of p 
electrode worsens and threshold voltage tends to rise. However, with LD component of this invention, since it has the 
superlattice layer, threshold voltage is falling sharply compared with the thing of the example of a comparison. 
[0093] (Example 2 of a comparison) In the laser component of the configuration of Table 1 . the 2nd layer which the 1 st 
layer which consists of n mold aluminum0.2Ga0.8N which doped Si for the n side cladding layer 14 1x1019-/cm3 is grown 
up by 180A thickness, and consists of GaN of undoping continuously is grown up by 120A thickness, and let it be 
multilayers of the 0.6 micrometers of the total thickness. That is, when it constituted from structure which thickened 
thickness of the 1st layer and the 2nd layer and the laser component was produced, continuous oscillation was checked 
by threshold-current consistency 6.5 kA/cm2, and threshold voltage was 7.5V. In addition, this laser component has gone 
out in several minutes. 

[0094] In the [example 7] example 6, it considers as the superstructure of the 0.5 micrometers of the total thickness 
which carried out the laminating of the 1st layer which consists of aluminum0.2Ga0.8N which doped Mg for the p side 
cladding layer 19 1x1020-/cm3, and 60A, and the p mold GaN which doped Mg 1x1020-/cm3 and the 2nd layer which 
consists of 40A, and also the same laser component as an example 6 is produced. That is, although threshold voltage 
suited the inclination to go up a little as compared with the laser component of an example 6 when the thickness of the 
superlattice layer which constitutes the p side cladding layer 19 of an example 6 was changed and also the laser 
component was produced similarly, the life of 20 hours or more was shown. 

[0095] In the [example 8] example 7, it considers as the superstructure of the 0.5 micrometers of the total thickness 
which carried out the laminating of the 1st layer which consists of n mold aluminum0.2Ga0.8N which doped Si for the n 
side cladding layer 14 1x1019-/cm3 further, and 60A, and the n mold GaN which doped Si 1x1019-/cm3 and the 2nd layer 
which consists of 40A, and also the same laser component as an example 7 be produced That is. the laser component 
which used the n side cladding layer as superlattice in addition to the n side contact layer 12 of an example 6 and the p 
side cladding layer 19 had the property almost equivalent to an example 6. 

[0096] In the [example 9] example 1, without growing up the 2nd buffer layer 112, as shown in Table 1, 5 micrometers of n 
mold GaN layers which doped Si 1x1019-/cm3 as an n side contact layer 12 directly on the 1st buffer layer 11 are grown 
up. Others are taken as the laser component which has the same structure as an example 1. That is, in the basic 
structure of Table 1. it considers as the superstructure of the 0.4 micrometers of the total thickness which comes to 
carry out the laminating of the 1st layer which consists the n side cladding layer 14 of 20A Si (1x101 9-/cm3) dope n mold 
aluminum0.2Ga0.8N. and the 2nd layer which consists of 20A undoping GaN. It considers as the superstructure of the 0.4 
micrometers of the total thickness which comes to carry out the laminating of the 1st layer which furthermore consists 
the p side cladding layer 19 of 20A Mg (Ix1020-/cm3) dope p mold aluminum0.2Ga0.8N, and the 2nd layer which consists 
of a 20A Mg (1xl020-/cm3) dope p mold GaN. When the p side contact layer 20 was used as the 150A Mg (2x1020-/cm3) 
dope p mold GaN like an example 1 further again, by threshold-current consistency 3.3 kA/cm2, 405nm continuous 
oscillation was checked and, as for threshold voltage. 5.0V and a life also showed 30 hours or more. 
[0097] In the [example 10] example 9. the 2nd layer which constitutes the superlattice of the n side cladding layer 14 is 
set to GaN which doped Si 1x101 7-/cm3, and also the same laser component as an example 9 is produced. That is, the 
laser component which many Si was doped in the layer with larger bandgap energy, and also was produced like the 
example 9 in it showed the property almost equivalent to an example 9. 

[0098] In the [example 11] example 9, the 2nd layer which constitutes the n side cladding layer 14 is set to n mold 
InO.01GaO.99N which doped Si Ix1019-/cm3, and also a laser component is produced similarly. That is, the laser 
component which set to InGaN the presentation of the 2nd layer which constitutes the superlattice of the n side cladding 
layer 14, and high impurity concentration of the 1st layer and the 2nd layer was made the same, and also was produced 
like the example 9 showed the property almost equivalent to an example 9. 

[0099] In the [example 12] example 9, thickness of the 1st layer (Si:1x1019-/cm3 dope aluminum0.2GaO.8N) which 
constitutes the n side cladding layer 14 is made into 60A. and the 2nd layer is set to 40A GaN which doped Si 1x1019- 
/cm3, and is made into the superstructure of the 0.5 micrometers of the total thickness. Thickness of the 1st layer 
(Mg:lx102Q-/cm3 dope aluminum0.2Ga0.8N) which furthermore constitutes the p side cladding layer 19 is made into 60A, 
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thickness of the 2nd layer (Mg:1x1020/cm3 dope: GaN) is made into 40A, and it considers as the superstructure of the 0.5 
micrometers of the total thickness. That is, the amount of dopes of the 1st layer and the 2nd layer which constitutes the 
n side cladding layer 14 is made the same. Change thickness, and change the thickness of the 1st layer and the 2nd layer 
which constitute the p side cladding layer 19, and also When the laser component was produced like the example 9, by 
threshold-current consistency 3.4 kA/cm2. 405nm continuous oscillation was checked and, as for threshold voltage, 5.2V 
and a life also showed 20 hours or more. 

[0100] In the [example 13] example 11, when the laser component which Si concentration of the 2nd layer (GaN) which 
constitutes the n side cladding layer 14 is set to 1x1017-/cm3» and also has the same structure as an example 11 was 
produced, the laser component which has a property almost equivalent to an example 1 1 was producible. 
[0101] In the [example 14] example 11, when the laser component which the 2nd layer (GaN) which constitutes the n side 
cladding layer 14 is considered as undoping, and also has the same structure as an example 11 was produced, the laser 
component which has a property almost equivalent to an example 11 was producible. 

[0102] the n mold aluminum which doped Si for the n side cladding layer 14 Ix1019-/cm3 in the [example 15] example 9 - 

- it is single 0.8 N 0.2 Ga, and 0.4 micrometers is grown up and also a laser component is produced similarly. In the basic 
structure of Table 1 Mg Ixl020-/cm3 like an example 1 only for the p side cladding layer 19 That is, the 1st layer and 20A 
which consists of doped p mold aluminumO.2GaO.8Ns, It considers as the superstructure of the 0.4 micrometers of the 
total thickness which consists of the 20A of the 2nd layer which consists of a p mold GaN which doped Mg 1x101 9-/cm3. 
When the p side contact layer 20 is used as the 150A Mg (2x1020-/cm3) dope p mold GaN like an example 1, similarly 
furthermore, by threshold-current consistency 3.4 kA/cm2 405nm continuous oscillation was checked, threshold voltage 
showed 5.1V and the life showed 20 hours or more. 

[0103] Although threshold voltage suited the inclination to go up a little when made the 1st layer (aluminum0.2Ga0.8N) into 
60A for the thickness of the superlattice layer which constitutes the p side cladding layer 19 in the [example 16] example 
15, and it carried out the laminating, having used the 2nd layer (GaN) as 40A, and it considered as the 0.5 micrometers of 
the total thickness and also the same laser component as an example 14 was obtained, there were 20 hours or more of 
lives. 

[0104] the p mold aluminum which doped Mg for the p side cladding layer 19 Ixl020-/cm3 in the [example 17] example 9 

— it is single 0.8 N 0.2 Ga, and 0.4 micrometers is grown up and also a laser component is produced similarly. In the basic 
structure of Table 1 Si Ixl019-/cm3 like an example 1 only for the n side cladding layer 14 That is, the 1st layer and 20A 
which consists of doped n mold aluminumO.2GaO.8Ns, It considers as the superstructure of the 0.4 micrometers of the 
total thickness which consists of the 20A of the 2nd layer which consists of GaN of undoping. When the p side contact 
layer 20 is used as the 150A Mg (2xl020-/cm3) dope p mold GaN like an example 1, similarly furthermore, by threshold- 
current consistency 3.5 kA/cm2 405nm continuous oscillation was checked, threshold voltage showed 5.4V and the life 
showed 10 hours or more. 

[0105] In the [example 18] example 1 7, the 1st layer (aluminum0.2Ga0.8N) is made into 70A for the thickness of the 
superlattice layer which constitutes the n side cladding layer 14. Although threshold voltage suited the inclination to go up 
a little, compared with the example 16 when carried out the laminating of the 2nd layer as InO.01GaO.99N which doped Si 
Ixl019-/cm3, and 70A, and it was made into the 0.49 micrometers of the total thickness and also the same laser 
component as an example 17 was obtained The laser component which similarly has the life of 10 hours or more was 
obtained. 

[0106] In the [example 19] example 17. the 1st layer (aluminum0.2Ga0.8N) is made into 60A for the thickness of the 
superlattice layer which constitutes the n side cladding layer 14. Although threshold voltage suited the inclination to go up 
a little, compared with the example 17 when it carried out the laminating, having used the 2nd layer (undoping GaN) as 
40A, and it considered as the 0.5 micrometers of the total thickness and also the same laser component as an example 16 
was obtained The laser component which similarly has the life of 10 hours or more was obtained. 

[0107] In the [example 20] example 9. it considers as the 2nd layer which consists of the 1st layer which consists of GaN 
of undoping of the n side lightguide layer 15 further, 20A. and In0.1Ga0.9N of undoping. and the superlattice layer of the 
800A of the total thickness which comes to carry out the laminating of 20. it — in addition, the p side lightguide layer 18 is 
also made into the superstructure of the 800A of the total thickness which comes to carry out the laminating of the 1st 
layer which consists of GaN of undoping, 20A, and the 2nd layer which consists of In0.1Ga0.9N of undoping, and the 20A. 
That is, in the basic structure of Table 1, the n side cladding layer 14, the n side lightguide layer 15, the p side lightguide 
layer 1 8, and the p side cladding layer 19 are made into a superstructure. When the p side contact layer 20 is used as the 
150A Mg (2x1020-/cm3) dope p mold GaN like an example 1 further again, by threshold-current consistency 2.9 kA/cm2 
405nm continuous oscillation was checked and, as for threshold voltage, 4.4V and a life also showed 60 hours or more. 
[0108] [Example 21] this example is explained based on the LED component of drawing 1 . The buffer layer 2 which 
consists of GaN on the substrate 1 which consists of sapphire like an example 1 is grown up by 200A thickness, the 
contact layer which consists of an n mold GaN which subsequently doped Si Ixl019-/cm3 is grown up by 5-micrometer 
thickness, and the barrier layer 4 which consists of single quantum well structure of 30A of thickness which consists of 
In0.4Ga0.6N next is grown up. 

[0109] Next, the 1st layer which consists of p mold aluminum0.2Ga0.8N which doped Mg Ixl020-/cm3 like an example 1 is 
grown up by 20A thickness, (p side superlattice layer) Then, the 2nd layer which consists of a p mold GaN which doped Mg 
Ixl019-/cm3 is grown up by 20A thickness, and the p side cladding layer 5 which consists of superlattice of the 0.4 
micrometers of the total thickness is grown up. Although especially the thickness of this p side cladding layer 4 is not 
limited, either, it is desirable to make it grow up by 500A or more and 1 micrometer or less still more preferably 2 
micrometers or less lOOA or more. 
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[01 10] Next, the p mold GaN layer which doped Mg Ix1020-/cm3 on this p side cladding layer 5 is grown up by 0.5- 
nnicronneter thickness. After growth, after picking out a wafer from a reaction container and perfornning annealing like an 
example 1, the front face of the n side contact layer 3 which should perform etching from the p side contact layer 6 side, 
and should form the n electrode 9 is exposed. Mostly, the p electrode 7 of the translucency of the p side contact layer 6 
of the maximum upper layer which becomes the whole surface from nickel-Au of 200A of thickness is formed, and p pad 
electrode 8 which consists of Au is formed on the whole surface electrode 7. The n electrode 9 which consists of Ti- 
aluminum is formed also in the front face of the exposed n side contact layer. 

[0111] When the wafer which formed the electrode as mentioned above was divided into the chip of 350-micrometer angle 
and having been considered as the LED component, 520nm green luminescence was shown in If20mA, and Vf was 3.2V. On 
the other hand, Vf of the LED component which constituted the p side cladding layer 5 from single Mg dope 
aluminum0.2Ga0.8N was 3.4V. Furthermore, as for electrostatic pressure-proofing, the direction of this example had 
electrostatic pressure-proofing of more than twice. 

[01 12] In the [example 22] example 21 , thickness of the 1st layer is made into 50A for the superlattice layer which 
constitutes the p side cladding layer 5. Mg 1x1020-/cm3 for the 2nd layer as doped GaN and 50A When carried out the 
25-layer laminating, respectively, and it considered as the superlattice of the 0.25 micrometers of the total thickness and 
also the LED component was created similarly, the LED component which has a property almost equivalent to an example 
21 was obtained. 

[0113] In the [example 23] example 21, although Vf was 3.4V when use as the lOOA of the 1st layer thickness of the 
superlattice layer which constitutes the p side cladding layer 5. and the 2nd layer was used as the superlattice of the 0.25 
micrometers of the total thickness as 70A thickness and also the LED component was created similarly, electrostatic 
pressure-proofing was superior to the conventional thing 20% or more. 

[01 14] In the [example 24] example 21. in case the n side contact layer 3 is grown up, the 2nd layer which consists of GaN 
of 60A and undoping the 1st layer which consists of n mold aluminum0.2GaO,8N which doped Si 2x1019-/cm3 is grown up 
by 40A thickness, respectively the 1st layer is made into 500 layers, the laminating of the 2nd layer is made alternately 
[ 500 layer ], and it considers as the superlattice of the 5 micrometers of the total thickness. When others produced the 
LED component like the example 12, similarly, Vf fell to 3.1V in If20mA, the comparison comparison was carried out at the 
former and electrostatic pressure-proofing improved to 2.5 or more times. 

[0115] In the [example 25] example 23, make into 60A thickness of the 1st layer (aluminum0.2Ga0.8N) of the superlattice 
which constitutes the p side cladding layer 5, and thickness of the 2nd layer is made into 40A. When the LED component 
which carry out a laminating alternately [ 25 layer ], respectively, and it considers as the 0.3 micrometers of the total 
thickness, and also has the same structure was produced, Vf was 3.2V and electrostatic pressure-proofing was more than 
twice over the past. 

[0116] [Example 26] this example is explained based on the laser component shown in drawing 4 . Although it is a sectional 
view at the time of drawing 4 as well as drawing 2 cutting a component in a direction perpendicular to the resonance 
direction of a laser beam, a different place from drawing 2 is located in the place which uses the substrate 101 which turns 
into a substrate 10 from GaN, and the place into which the 3rd buffer layer 113 which doped n mold impurity is grown up. 
without growing up the 2nd buffer layer 112. The laser component shown in this drawing 4 is obtained by the following 
approaches. 

[0117] first — a silicon-on-sapphire top — MOVPE — law or HVPE — after growing up the GaN layer which doped Si 
5x101 8-/cm3 by 300 micrometers in thickness using law. silicon on sapphire is removed and the Si dope GaN substrate 
101 with a thickness of 300 micrometers is produced. The GaN substrate 101 is obtained by removing the different- 
species substrate, after making it grow up by thickness 100 micrometers or more on a different substrate in this way from 
a nitride semi-conductor. Undoping is sufficient as the GaN substrate 101, and it may dope and produce n mold impurity. If 
it usually dopes an impurity in the range of three to 1xl019/cm3 of lxl017-/cm in doping n mold impurity, a crystalline 
good GaN substrate will be obtained. 

[0118] Temperature is made into 1050 degrees C after GaN substrate 101 production, and the 3rd buffer layer 113 which 
consists of an n mold GaN which doped Si 3x1018-/cm3 is grown up by 3-micrometer thickness. In addition, although the 
3rd buffer layer 113 is a layer which is equivalent to the n side contact layer 14 in drawing 1 and drawing 2 , since it is not 
a layer which forms an electrode, it does not call it a contact layer here, but calls it the 3rd buffer layer 1 13. In addition, 
although the 1st buffer layer grown up at low temperature like an example 1 between the GaN substrate 101 and the 3rd 
buffer layer 113 may be grown up, when growing up the 1st buffer layer, it is desirable to make it 300A or less. 
[0119] Next, the crack prevention layer 13 which consists of InO.1 Ga0.9N which doped Si 5xl018-/cm3 like the example 1 
on the 3rd buffer layer 1 13 is grown up by 500A thickness. Next, the n side cladding layer 14 which carried out the 
laminating of the 20A of the 2nd layer which becomes the 1st layer which consists of n mold aluminum0.2Ga0.8N which 
doped Si 5x1018-/cm3, and 20A from GaN which doped Si 5x1018-/cm3 alternately 100 times and which consists of a 
superlattice layer of the 0.4 micrometers of the total thickness is grown up. Next, the n side lightguide layer 15 which 
consists of an n mold GaN which doped Si 5x1018-/cm3 like an example 1 is grown up by 0.1 -micrometer thickness. 
[0120] Next, 50A of barrier layers which become the well layer which consists of undoping In0.2Ga0.8N, and 25A from 
Undoping GaN is grown up, and the barrier layer 16 of the multiplex quantum well structure (MQW) of the 175A of the total 
thickness which finally carried out the laminating of the well layer is grown up twice repeatedly by turns. 
[0121] Next, the p side cap layer 17 which consists of p mold aluminum0.3Ga0.7N which doped Mg Ixl020-/cm3 like an 
example 1 is grown up by 300A thickness, and the p side lightguide layer 18 which consists of a p mold GaN which doped 
Mg 1x1020-/cm3 is grown up by 0.1 -micrometer thickness. 

[0122] It is made to be the same as that of an example 1. Mg Ixl020-/cm3 Next, the 1st layer and 20A which consists of 
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doped p mold aluminumO.2GaO.8Ns, Mg 1x1020-/cm3 The 2nd layer which consists of a doped p mold GaN, The p side 
cladding layer 19 which consists of a superlattice layer of the 0.4 micrometers of the total thickness which consists of 
20A is formed. The p side contact layer 20 which finally consists of a p mold GaN which doped Mg 2x1020-/cm3 on the p 
side cladding layer 19 is grown up by 150A thickness. 

[0123] After reaction termination and after carrying out annealing at 700 degrees C. like an example 1, the p side contact 
layer 20 of the maximum upper layer and the p side cladding layer 19 are etched with an RIE system, and it considers as 
the ridge configuration which has stripe width of face of 4 micrometers. 

[0124] Next, as well as an example 1, the p electrode 21 of the stripe ridge outermost surface of the p side contact layer 
20 which b ecomes the whole surface from nickel and Au is formed, and the n electrode 23 of the rear face of the GaN 
substrate 101 which becomes the whole surface from Ti and aluminum mostly is formed mostly. 

[0125] Next, as shown in drawing 4 , the insulator layer 25 which consists of Si02 of the p side cladding layer 19 except 
the area of the p electrode 21 is formed, and p pad electrode 22 electrically connected with the p electrode 21 is formed 
through this insulator layer 25. 

[0126] Cleavage of the GaN substrate 101 is carried out to the shape of a bar in a direction perpendicular to the p 
electrode 21 after electrode formation, and a resonator is produced to a cleavage plane. In addition, the cleavage plane of 
a GaN substrate may be the Mth page. The dielectric multilayers which become a cleavage plane from Si02 and Ti02 were 
formed, and, finally it considered as the laser chip which cuts a bar and is shown in drawing 4 in the direction parallel to p 
electrode. Next when the chip was installed in the heat sink by face up (condition which the substrate and the heat sink 
countered), wire bonding of the p pad electrode 22 was carried out and laser oscillation was tried at the room temperature, 
in the room temperature, by threshold-current consistency 2.5 kA/cm2 and threshold voltage 4.0V, continuous oscillation 
with an oscillation wavelength of 405nm was checked, and the life of 500 hours or more was shown. By having used GaN 
for the substrate, this is because the breadth of a crystal defect decreased. 
[0127] 

[Effect of the Invention] As explained above, since the nitride semiconductor device concerning this invention is 
constituted using a superlattice layer, it can improve power efficiency extremely in p mold nitride semiconductor regions 
other than a barrier layer, or n mold nitride semiconductor region. That is, at the conventional nitride semiconductor 
device, making a barrier layer into multiplex quantum well structure sandwiched the barrier layer, although proposed, for 
example, usually the cladding layer etc. consisted of single nitride semi-conductor layers. However, in the nitride 
semiconductor device of this invention, since the superlattice layer which has a layer in which the quantum effectiveness 
appears is prepared as a cladding layer or a contact layer which pours in a current, the resistivity by the side of a cladding 
layer can be made low. By this, the threshold current of for example, LD component and threshold voltage can be made 
low, and this component can be made long lasting^ Although the further conventional LED was weak to static electricity, in 
this invention, a component strong against electrostatic pressure-proofing is realizable. Thus, since Vf and threshold 
voltage are made low, calorific value can also decrease and the dependability of this component can also be raised. 
According to the nitride semiconductor device of this invention, not to mention light emitting devices, such as LED and 
LD. when it uses for the solar battery which used the nitride semi-conductor, a photosensor, a transistor, etc.. it becomes 
possible to realize a device with the high effectiveness of an emergency, and the utility value on the industry is very large. 

w^ -- jww 'wwT ww « MwwwMi . t»w« i ww - w^ ^ ■— , , n i.L i . i I . 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
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[Brief Description of the Drawings] 

[Drawing 1] It is the type section Fig. showing the configuration of the nitride semiconductor device (LED component) of 
the operation gestalt 1 concerning this invention. 

[Drawing 2] It is the type section Fig. showing the configuration of the nitride semiconductor device (LD component) of 
the operation gestalt 2 concerning this invention. 

[Drawing 3] It is the graph which shows the thickness of the p side contact layer in LD component of the example 1 
concerning this invention, and relation with threshold voltage. 

£Drawing_4] It is the type section Fig. of LD component of the example 26 concerning this invention. 
[Description of Notations] 

1 10 .... Substrate, 

2 11 .... Buffer layer 

3 12 .... The n side contact layer. 

13 .... Crack prevention layer, 

14 .... The n side cladding layer (superlattice layer). 

15 .... The n side iightguide layer, 

4 16 .... Barrier layer. 

1 7 .... Cap layer, 

18 .... The p side Iightguide layer, 

5 19 .... The p side cladding layer (superlattice layer). 

6 20 .... The p side contact layer. 

7 21 .... p electrode. 

8 22 .... p pad electrode. 

9 23 .... n electrode, 

24 .... n pad electrode. 

25 .... Insulator layer, 
101 .... GaN substrate. 

112 .... The 2nd buffer layer. 

113 .... The 3rd buffer layer. 



[Translation done.] 
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1^2 •/ yrm±t>zm^^tirz. nmpfmw k- 

L. m.nm^yi^:^hmiznmmii^m^^tix^j:^miK 
1 T^s 1 3 o d -^cov ->-rtL:<?^ 1 mzimcom^m^^ 

[ if «^ 1 4 3 Bfl iSm 2 W -y 7 T lO^SifitJlffig 

i)K mMnm^yiS'i^ hmiztmLxiSMmx'h^ms 
mi sizsmcom-fm^i^m^. 
c»*iB 1 5 3 HiriEU 1 coy-^ 'vyrm. m/mdM 2 

<:0>'N'>y:7rJl<0|*Ii7)^^^:<i:t— :^r{±. Mif 1 0 0:t>' 
1 3 *fc{4 1 4 tclBiiOM'fbi^^^^lJS^. 

c If 1 6 3 -mumim^w.m^if ^hiz. 

cr>^i>zmf& $ tifzmsm 2 nm 1 2 <7)p^cr, v ^-tti:^^ 1 
tzimcDm^m^i>^m^ . 

[ if ^JI 1 7 3 BuiSm 1 comRX/mi^ 2 cr,mcr)ti<7y 

'jr^< t i>~y]iz. mmcommm^ nmxitpmi^zm.^ 

ixi}^ 1 mizMmco^^m^^i^m^. 
[ if 1 8 3 Huie^ 1 coMRx/mi^m 2 <7)miz k - 
T^tifz. mmcommm^nrnxiipmizm^-t^T^a^ 

f^lCOmt mm 2<7)mtcr>^-^y]^^^-y 7°X :^^Jl^^- 

[ff^2 0 3 m^m¥^m\t. limmm^^t^h 
nm^y-^^vmb y^xm^^fitz^Lt^mmb-thm 

3 V& 1 9 OF^cOV ^-Tiii^^ 1 JltcfEUoM-fl:!^!^ 
[!f^2 13 nffllli?^ V K«S:-S-tj>nMM-ft,^#^ 
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Htriandli? 5 -y ¥mtK l O O^y;?'^^ hn-AUlT^O 

i^^imscDMk. i^3Oghffl^/&5rp^:03&^ol 0 
0 :t > ^"^^ h o-i^OToMif Sr*-f-|. M-ftiR]^^**^ 
^ ^Sr I) ^ 4 c7)« i: *saJi $ ix-tti^S^S I. i 2r # 

[it*li2 2 ] Huiapfflil^' y -y KSS-t/Mpdl^ 7 >y 
[0001] 

MrFf^^^ X{zm^tl^m\m^W (I nxA lyG 
ai.x-yN, O^X, OgY, X + Ygl) i0^r-S>S 

nxGai-xN. A \ aL^.^lim^imzmtW^WM 
[0002] 

[ t^!3ii<7)g^iii ] mm^mt-mm^^^ l e d , 

it ( S QW : SingleHJuantum- Well) (7)1 nGaNiO 
i^ife^<0^:g(4 I n G a Nv§1t®£7) I nM^Jt^ 

[00 03] tfz. ^mmxii. msEzcoi^m^rm^'^x 

•C*na6-Cf6^L;^c (^J;t{f. Jpn.J.Appl.Phys. Vol35 
(1996) PP.L74-76) . Z<DU-'fm'¥-ii^VUX^2 u 

>'NVPXjiI^2ms<7D^#T% S0«mSit6 1 0mA. 
MMM^M^S. 7kA/cm2, 4 1 0 nm<7)lllg§r^ 

S:, Appl.Phys.Lett. , Vol.69, No. 10, 2 Sep. 1996, 
P.1477-1479tCt>ViT^aL5t. .I^T)!^— if^^fi^ p 

mM-{tm^»mcr>—ui,z V -y s^'.x h 9 r*>'?g«$ii 

7t1t3tS:^LTfc 0 . ^NVP::^.it@ 1 s . ^Vl-xmM 1 m 
s. t'j-— T-'f— JtO. l%-r\ rafflttSit 1 8 7 m A , 
^^i^siE^j^3k A/'ciii2. 4 10 nmc7)^ii?r^-t. 
[0004] 



Jlife L E D {4J®:^f^mSiE (If) 2 0mAT% Jl 
iTl^mE (Vf ) 7b^3. 4V~3. 6VS,0. GaAl 
As^O^S^i 0^S3!rfeLEDl:Jt<T2Vj,:Ui]S 

[000 5] ^sfoT*^ajc7)ge^fc-t-l.i:^^{4, ±i: 

Lxmim^^x *)^^ LDm'¥-cr)mmx'<r)m^i. m. 
m^i&T^^^ztt,z^K)mM^mi^L. ttzLE 

[0006] 

mm. Rx/xxiinmmizims^mimi^hzbizj: 
0. mm'mim^^fzmcom^eitirBzmzx't. msm 



m^rm^Tt ^zb irmfzizM.^'-^fzL^^m^m-izm 
m^t<zi5\^x. HtiiB P mm.im^m^m(7)'yts: < t - 
[0007] t.fz. ^%m\>zghh^2com.im^^m 

[0008] tfz, ^^H^com 1 i:m2i7)M-fl:^^^f*c 
^^iCfcV^-C(4. H5iEtif&?iii7)^H^att^$^>lcft<-f 
B>nE^*&?S{4. 1 0 0::t>'i5'';^.ha-AJil 

[0009] $ '^{C. ■^%m<7)m 1 Xii:m2 «M{t;!f%ii^^ 

^\iz^ HtriEiiicog, m/f^2comcD[^cr)^j'"^<ti>— 

'5:< 1 1 A 1 $-irtfa-ft:!|?5^#:*»^>^i,i L 
<, ^'^tCS?* L<{4A lyGai-yN (0<YS1 ) & 

[0010] i/i, 2|s:^BJo|g 1 Xltm2cr,m^t^^^ 
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^tc^^lirfcV^T. mt^MH I nxGai-xN ( O^XS 
1 ) A lyGai.yN ( O^Y^ 

1. x=Y^o) i}>h^j:^f^2(^mtt>mm^tLxtch 

T-ij=3rV>, Cic?)— lyGaj-yN, St/InxGa 

a,-xN (ogx<i ) Tm^ti^m^m^m^(:>^j: 

K). *^-:>mfeil2c7)®*^'3eA lyGai.yN (0<Y< 

1 ) Tm^ti^m^m^m^^^j:i> z t i^izis-t 

[0011] , *I^BBcO^ 1 XUm 2 (7)M-f[:!tl3i|i# 



{±, 7 0:t>'j/Xhn-AJilTT'?>-l.ii:*Jifit<, 

L<{i:l Oit>'^";^ha-Am±{clSS-r'l.o CICOI^H 
A 1 yGai-yN ( 0<Y^ 1 ) ^c7)g«^#:ii*^"^ 

cotifgi^ii -1. ^ 1 (7)m . Rx/m 2 com ^mmm 
[00121 tfz. 1 xi±m 2 com-fm^ 

iO. Mp(I!l3>':5'^hJii7)ii$:^(in<7)StjT;ffiSrT{f'l. 

MoT. 2ts:^BJ-C'{4$^>t:, 3 0 0>r>' 
pffl!l3y^'^'h®c7)JljP<73TIS{i. MpM^y:^^ hm 

[0013] *^BJc7)m20Mt:!f%^f*!Sl^*^ Bu!£ 

pm^im^^i^mtLx. prnm^mm-htzufxTyp 
*^ msiisiimtmipm^y^:^ hmtcomzm^^^ 



[0014] tfz. ^^m<^f^2cr>m.im^^i^m'7-^< 
^i^iz. mmiizmi(7)^<-/yTm^ifLxm^^ti 
ti.mmo. lu mVj.±com^m^m- ^> ^ -s, m 2 
^^-/yrmt. Mm2<7)^<yyTm±izm^^tLf.i. n 

[0015] ifz. ±im.^m^mt^m^i,z)5K^x . m 
lenicTjyN'-y^rJi, Rv^mi^2cr)^^-yyTmcoff^co 

[0016] iti. :=^^mcof^2(7)mims^mi^m^ 

fz>sb<^nm^>-:f'^ hmimx.X\-^^^l,zii. Huii 



Mbco^^zm^^ti^mit. mui. LosT-rii, ^ 
mxh'o. zix(>(7)mf,zmm-t^zt\>zi:^^ mmm, 

[0017] 4?^^. ■=i^wm^2<7ymmi^mw.m=^t,z 

i5V>T{4. HuiBlgl<?0Sar/^2c?5il(7)rtc7)i!'^^< i: t 

Zt¥^t.L<. $^>ic, StS^erttctJV^T^lcoJl 
^|g2«^iiT-^i^WlJS*iS^^ ^ j:*^iif 4 Lv^. =Sr 

y^^ixhmmmmmA Am. A^m. f^sAm. mes 
mizm-t^nm^mm. rx/ia. iBm. 2 Am. 2 
Bm\.zm-thpm?mm'kf^-t (wt. ^j^Hj^^t^fev^ 
X. rnKximT-mm. pm^mmhu-th. ) . 

, ^ 1 oil i: |g 2 b O K -v 7°x :t-/P^— 

izx^x. pmMim^i^mmi,zim^m^mm.Lfz 
[0018] ^^m(7)m2(Dmt'mmimi^izti\,^ 

IS^-r -S lg 1 OS tm2cr>mbX'^<> H ^-v -y T-x^^-yU 
^-ipK^^lzm^^ 0 , •'^'>' -y Tx^^/P^'— C7)::^# 
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SHE MTizmM Lfz X o ^^^mzx "} m:h^mt: 

[0019] ^IgBflt^S 1 ocTj^^wM-fLil^l^^filsS 

^^■r'$)-5-t. mMinm^yy vmtK i o o:t:^^'x 

f^l<7)Jli:MBK*^'S=5rD*^'?l 0 0:t>'^''X 

m^y-y]^mx^±izm^^tix\^^i>mizii^^x. ^ 

[00 20] 

mmmmi. mm. ^^miz^hmmmmicomitm 
m^im'fii. m:^ffj^j:mmt lx. ^yr^ri^ 

=5r&S«l<^±t. GaNi 0^i.^>'-y 7Til2. Si 
K-rnMGaN j; •9^-l.n{i!j3>'^^' hji3. m— * 

lairjy:?'^ h®6 tii^mizmm^tLX^'-^^'LBDm^x' 

$) ^ . . ^Sfe?^® 1 comim^^^mi'izii V . 

mM 7 tim^SL^ti. :kmWM 7 (DmrnzliTi^yr" ^ 
fficOpmSiSj&^^iStt^^ixTiJO. ^^.tcpffl!!^^^:?^ h 

[ 0 0 2 1 ] ^ i T\ mmm i cos-rt^t^^fiiss^ 

ii. fiJi.(fpM^^^i: LTMgSrK-rLJ^^I n^G 
ai.xN (OgX^l) X^ti:h^W.3Q)^yy7.Vu 

-M,(Dmicr)mt. |SIb< pM^M^^Ht LTMgSrmi 
<?)Wi:Pia:T'H— 7'L3tpMA lyGai-yN (O^Yg 
1) J: O'Sri.MJSB 0::ti^^'xFa-AcOlS2coiii:*^ 

mm^tirzim=Fmx'm^^tifzm-^mmi^^^ p 



::<7)J:dt::ti?Si=-ii5rpSWc?^E£-r^:^-^{±. Mg. 

am 2 COS H -r L T p Mco^itM^^r-r /■ 
t-r^o mmmtLxii. ^i+mi+mi • • ■ . ^ 

t<{±^2+lll+ll2 ■ ■ ■ c7)mX'i,]^< . 'Jf^Kt 

[ 0 0 2 2 ] i^. mt^^m^m^-tim^m^mi^x o 

^:Slllc7)SS.Lf|g20Ji{i;. I n^G aj.x N ( 0 
SI ) J; D^.&SS.t^A lyGai-yN (OSYSl ) J; 

hm.^m!i^m^x'm^^tix\^tn£]^i\ ^Lfz.mico 

xGai-xN (OSXSl ) X-mmL. m20JiSrAlY 

Gai.yN (o<Ysi) xm&'t^b. ■m2(r>m<^f^ 

hifi. ^IcOSSr I nxGai-xN ( OSXg 1 ) T'ltfig 
W.2(r>m^ I n^A 1 i.jN ( 0<Zg 1 ) Tli^-r 

r -y 7"X (7)%^ i $> 0 1# S . i f^H 1 CO 

JiS-A lyGai.yN ( OSYSl ) -C'lt^t. ^2c7)a 

Sri nzAij.zN (o<zsi ) x-mm-fni. mmz 

ff 3 :x:iffi7&i j^-r ^ t ^ < nM'^fifzm<^ ^b^\^ 

tcfev^T, ^icom. ^2cr>mcr>n {mm) s:— sca 
[0023] -^^mza^-^x. Wf^m^mm-hmi 

com. m2cr>m(r>mM-\i. 1 0 07i->'^';;^hn-AJ; 0 

t /SV' t . mi <7)®2ar/|g 2 «7)S:i)S^ttM^RB^UUic7) 
l^i:=SrO. Um^l,zWi^-^j::^y"/^. h^^Mtm^sX 

oMfft^^-r.!) ^ i: 3&wi Lv^. tfz. mi (DM. m 
2 (^mcowMffyrmin^zm^^ ti-r i m'T-mixtx^ 

tHtJ:^\ Li}^L^t^i^. ^^Bfl-CJi, mi com. m2 

com(7)mmii. loo ^v^^x v u-j^x-h s bm.^^ 
-r. ww^m^mmvxfi<zLxs.imi^mw<r>m^BX 

4 Oity^Xha— A~l 0;t>'^Xba-AtiS 
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-r t J: 1 0 :^yyx h u-M.lilT(,zm^-th b . 

[ 0 0 2 4 ] III 1 iZTT^^r^trnm i i7)M-fb!H!i^#=s 
c^xoiz. mzm^m^^^vTmt^mt't?>^ 

A.l N. A 1 GaN. I nA 1 N^c7)A 1 ^-^OM-ft^^ 

[ 0 0 2 5 ] -eiT'. m^^^Moym 1 O 

®, S.VI?2<:^Jic?)l*Ic7)ii.-^< h t— :^Sri!'-^< i: t A 
1 5r-^trM'ft,*S!l^^#:. L<{iA 1 yGai-yN (0 

ii^^^-r^g. c: 1 1 J; 0 . ^' 7 -7 i^to^^^v^^^st^TiSB^B 

izlS-t L<{4, HI i7)Jit;A 1 ^-i-i^v^M-ft^fel^^flt 
ii$r 1 0 0;r>':/X Nn-i.J2JlT<0MII-e^:^$-yri. 
i:. A 1 i^tsmim^i^J:0^j:^m2cr,m^m.^^ 

mmLXi^^^-y^co^^ ^^B^Btti^i ^^l&f-ii ^ 
T-^-l., !a!oT. 2ts:^M?^.^ 1 -Cfi. I 
Gai-xN ( O^Xg 1 ) (m2c73 
®) i:AlYGai.vN (O^Y^l. X^Y=0) ij-h 

[0026] tfz. ^mmmm i com^m^^i^m'i^iz 
tsv^T. m-^mx';h^pmi^v-yvm5^mm-^m 

-rVTW^m^^^^fzibiz. mmcr>mmMi pmi^zm. 

fz. micomtf^2cr>mt^zpmcoT-m^^v-r-r^ 
micDmbm2cr,mbX'm^j:^m^x'\^-y'xi:> 

J:<. ^^IZ. ■mi<r)mtm2<Dmt<DZ<y]^^-r-yy° 



i^e^^coStiffi^ffiT^-tt'S. ^ b 5b^T'# -I. *^^>T'S> 

1). Clioidtc. *^BSt:'{4. ^losh. ^2(7);ii7) 

m:f3^zyFn^^m^j:^mmx'-^Mti]^-y°Lx 

L. BliOJi. ll2tOlt7)V^-r:h.3!)^:fe-l:^Mft^K- 

[0027] micr,mRX/m2(r)m<,ZV-T^tL 

^^mmmmit. miz:^^mi±:Lti^zm^^h.^j:\^*\ 

pmT^W^Xm'M. 1 X 1 Oi6/cm3~l X 1 022/ 
cm3, $^>(CSF^ t<«41 X 1 Gi7/cm3 — 1 X 1 0 
21/0 m3. fi:t*f4L<{41 X 1 0i8/cm3-2x 1 
02o/cm3c7)IEiatCtlS-r'l.<lh*^H4Lt-i. ixi 
Oi5/-cm3J;0i>iJ'-^V^hVf , KffittffSrigT^-tt 
h^^^m(^tll,Z<<. 1 X 1 O22/cm3J;0*>#V^ 

t ti n s^^!t% wimcom^izmm-f ^^bf}^miL 

[00 28] L:^^L^ti'^^. ^^mxi±. ^fg-^SiC 

{4 . Ill oilsvB 2 o« ^c#mM & ^^-r -i. ^^!}^*^ 

lifcS^i:c7)®tCfc{tl.V->-rixc7)aT'$)oTi,J;<. - 

cT^mxh-^xiiX^^, 

[0029] liLhfio i 0 izm^^tLfzim^mi±. m i 
m/^2<7)mz:m-w^^^]i)T<DmMi,zLxm 
mLxm^Lx^^hcox\ '^^BCo^xm^i&T^-t^ 

Z. b i}^X'^ . ti^nW/yt^:^ 7 -y "kWsif^^h >I b ifiX' 
iSB^Btt$rfRISW(:^<-r-S^ t^^T't^-l.. Z(7y^ 

# . 5&^oK^-r y r:e)WBXPfStc J; oTitSL$^-l> i b 
^d:<^mX'^i>cOX\ Sfg^^itS-^L^V^pSXJin 

MoM-ftJf^j^fiistJtKtTffiiii^^ 1 «fj.:Ji±ffi<-rs 

[ 0 0 3 0 ] ts!-^-C. ^mmS. l i^M-ft!fel^f*:S^ 

nh^bifi^x'h-^fzvmm ( pM¥^*®®js (p 

M^'7-y KJ15 tpMn^:?'^ hil6 i:*^/b^rl.® 

X. i^pM^7-y Hii5<0ffiJjtfflS:<£<-r-S.ii:tJ: 
•9 . V f -tl. >r t . -Pi 0 . pMM-ft^^I 

^f4s{±. P mM¥Bmm\,z% C:>ixf<z<\ 

K) . ni^titi bLxi>. n ms.^twmmzitKx . m 
^iji^*i2fif]aiii«v^„ ^cofzubpmcomm'm^P 
mmizm^-th zb^zx<o. mm^mx-m^ ^tifzpm 

m Srffia6T iS&iKiZ-t h^Lb ifiX' # . V f £7){£T*>'^1= 

\.zWxh. pMfe^BS:^#^/;^6^5^ti: LT, pM 
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mrthmii}^^^fix^-^h mm2 540791 
[ 0 0 3 1 ] 47t . ^mtrnm 1 xit. Huieto j: o ^zis- 

t LKii^lCDm (Ig2c7)ji) S: I rixGaj.xN (OS 
X< 1 > i: L, |g2coS (mii^S) SrA lyGai-yN 
(O^Y^l, X*Y=0) X-mm-lZbiZ^K). m 

[0032] mz. n^t^amiztiimLfz'f^ff^^mt:-^ 
ts^j^xmizm^^ttfzmMmt:$:wnt i:imLxm 

t,Z^mW-8-2 2 80 4 8^t:^Lfz, Zcr>mSl±^ 
1f^<50jfe^Mi: LTA 1 GaN. GaN. InGaN 

A/4 n ( n •.mitm^mi^commm. a : r^^) tis 
n^tihfzib^^^izm^^ m^x^mmcD^mmii^mit 
m.^m^i^TFiomw-X'it^^'^, ttz. \jsp 5, 14 

6, 4 6 5-f-tC{ivg14iiSrA lxGa,-xN//A lyGa 

$ixTv^-i>. z(Dtmijmiimtmmt>zA 1 GaN/A 

SriS< L^tmtf^^j^v^o $ii.fcA 1 GaN<7)J; 

lEt ^7-y^^j: uzisimi^mmr^ z t 

[0033]-:^. :^mmBmx'i±imTm^m^-th 
idi,zmitm2(7)mcD^mmi:.m.^ (i8-iL<ii. 

im^i'm^m^'thmitm^i^com^im^^zxh 

[00 34] $^tc, ^^¥5-1 10 138. 

5- 1 101 39^-{^mi>zii.mmcr>A 1 N ^ G a N t 

mmLXA i^Ga.i.^N<D^^ain^:tTmmim^tix 

N. GaNSrSa-ri.^SWt-fc-p-r^S&BJOSififcti^ 
^-S. L*^t>I nGaNiO^r^vSttaSr^LTV^^V'* 

6- 2 15 11-f-. 6-2682 5 7-f-^#-C{i:GaN 



t InGaN. ^L<<±I nGaNi:InGaNi;$:^ 
[0035] $ t:>\.Z-^WW^%'^X'\t I n G a NOi 0 

a NS-Mti^NV ^yr:L:^^)V^—h^'\-^<mm 

I nxGai-xNfc. A 1 y G ai.y N i O^Sr-l.ti^l^ii 

m^m'fmti^^-^n=t^mM'thmz-mi\izm\. 
mi^m^izmm ) . $ <^ tci n g aNit^^Bco^mi}^^ 

COAl GaNCDXd^A \ "k-ttsB.^t^^mzit^X 

m^t^\'^cr>x\ inGaN^j/s^mt-t^b.mmifz 
icA 1 GaN(r)jzd^Mm^^^^'is^mb-r^t. 

[0 0 3 6] §<^.t3pffl!l3i^;$'^hJIOMff^5 0 0^ 
y^'Xho-AUJlT. ^^t,zntL<l,±3 0 0:ty:/X 
ha-J^lirf. ;^tif4L<{i2 0 0>j->'i/xhn-i:. 

o izmimiimn ■ cmtLht &s pmmim^i^mcr) 

HiSSr 5 0 0 :t>'i^x h o-AJiiTtciiS-r 1) t i 

m^i. mK*mT-t^. tfzpmmt^(^m^^ti:^7Hm 

Zb*<X-^i>. 

[0037] JiLh. pai Lfci d ic. -^m(mm i ct) 
m 2 OS i; $ tifzw^m x-mm. lt v ^ i, ox-. 

[0038] a±.cDmMmm i p jui^? ^ -y fs 5 
t,zim^m^:m\'^fzt)K ^^sj^-ntcis^^-r. pra^ 

(iE?L) **aA§^x-i.P«!lu>-:S'^ Meifiaj 
i.{f I nxGai-xNi O^r-SHli^Si;. AlyGaj-y 

N J; K>^^t^2comb^mm-^tifzpmcr>mwFmb-t 

l.ii;iT-#So pM3>^'^hJi6$:|3^Si^ai;t 
X. mi c^mcoy <y K df> -y rx 2 i 
•9 i,/jN$V^Ji^. /\'>' K^A- •yrx^-.;l^^-3E)^/jN$v^ I 
nxGai-xNi K)Kc^f^lcom^&m:mzLXpWMb 

mkt^mb-r^zb^mtLK. ztii^zx-^x. pm 
mb(7ymmm.m*^^i^^ <^*)is-t lv^jt-s -yi^^^ft^* 
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10 03 9] ULtc^mmBMl Tit. Plli5'^ -y Kil5 



t-is^m4t(r>mznmay:$':^ hm3tLxf&^-th 

[0040] ztLit. ^^yv^^^ -/yji^^fV^-cDiz^ 

<50J; ■p'SrHEMT (High-Electron-Mobil ity-Transisto 
r) \.zm^XLfz^mifim^l.tz^^ti^m^^iXh . nm. 

^^Wkti^Y-y^tifzJ^y H=3f> -y v^m i <^m 

{ ( u n d o p e ) ; iilT, r^ixTV^^ 
^^^^TyY—Th\,-^o ] <r)^2cr>m (SlcoJl) h 

^n.m vfzm^mx'\i . n m^^si^st Ltzmt. 

Ty H— r^TJiii: «0's.-7-D^-^|?.B-C\ -y r 

^vi^^— o/h$^Jilli7)ip:§ ( 1 oor^y'^T.V'o— 

[0041] iTt. *f6HgHtiC^T. n MM-fbiltil^^f*: 



\v^i^izm^mi)^h^j:hm.im^wm^m^h 

[0042] ZCOX -5 1:. |Stg^Ji^vg'|tji4 tmiR 1 
?-JlSrm-ri.|| 1 COS, ^2 <7)jltc(4>FMfe2r K-r 



m-i>^l>zt5\,^Xi>±^cr,Xoiz. micrtm. m2<7) 

[0043] a±.c7)X 0 im^^-Mi nrnmim^ 



^^St:^ t < . m-ffi^T' 0 . 5 At mJiLhiOj^/S 

■t0ts^iifc-r.i>h. m— «7)igico«. ^2cr>mcr>^x' 

^<7^tzib-^Wcr,m.im^H^<r:i^ik'&.t)-^<ts:'^ 

X nmMm<7m'mm^±%' < t£h(^x. ^(^Wi^m-^ 

^ ^ i5' h ii L^c^-^tCJiBtlie t H E M T \,zW&. \.tz 

^mfi^izwcvz <hi.oizti:h}:. ^-Mx , mmm. 

[0044] c:c7)i •$ ^^^Bfltzfcir-iT . SMI^® 

w&M-k^m.'thnm.w^mu,tpm.mm,zj6i^^fL 

tLxWi^^hixhfz^. w^m^m'^-thmmm^ 

[0045] mmmm2. mz. ^^^miz^hmtmm 
2iz-y\,^xmm-ti. ii2{±, :^^miziMmmmm2 

'ryecoim-jj\^izmm^j:mm) x-h'o. mm-ftm^^i^ 

1 2. ^^-y^RSihSl 3. nffll^'7>y KS 1 4at^n 

iOit^&M Ksi ) tpwrn^m^wm^ 

{^-T'vymil . P{i!l3l^;<?^ K«18. p(I!li7 5 >yK 
ei 9S.t/^p{B!|n>':J'^hJi2 0*»^>^-l>. ) tizi.-^ 

xM^ ixfzmm^MWt)^ *git® le^mttz 
[0046] zzx\ :^mmmm 2 (7)mim^^i>m^ 

iti. pfii^ ^ >y vm 1 9 ^@tS^«TJ^fig-r -s. ^ t izX 
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m 2 (7)m'im^i^m=Ft,z-:>\, ^xmmi^zmm-t^ . 
[0047] zcr)mtmm2cr>mim^mm^i'izi3\.^ 

tl. ^i^lznm^y^1^hmi2±t,z. i^y-y^m±m 
13. nm^ y -y Vm 1 4:&X/nSm:^'y( l^m 15 tim 

9y-y^m±mi 3(7)mmizmiii^tifznm^y^^h 

mi2cr,mmzli^tl^-tl. nUn^rf^hai 2i:3r 
2 3±lc{i:. vA^-ifsy^^y'/m<7)TLm^'^ 
•y Vmmiim^^iXh. ^LX. nfH^t^V KSl 5± 
tcM-fl:!t?!l^f*:*^'^^-I.Vg't±Jil 6*<JgB£$iX. $ A>t 
iSvSSiil 6±lZ. ^-r-yrmil. PM^:^'^ Hill 
8, p{i:J'5vKJil 9ai^p(l=7i^:J'i?ha2 03&-1» 

t'. Piinv^'^ hS2 0±tcMpiI!l3:^:5'^'hJI2 0 

t^-^-/i^m^-thP§mm2i-tim^^ti. mpm 
m&2 i±izii. mtii. y-{^-Tr^>'foym<7yp 

Oi:pW^7-y Kiil 9cr)±Mtl<zX'^X. ifc#:^[p]t 

ffi] (s^*-i^m3c-r-s:^i*i) izmtihib. V"y=j^ 
( ^ h 7^ r^^om^g ) izmm.^j:yj\^x'mm$tirzmm 

[ 0 0 4 8 ] . ^ssfl?® 2 (Dm^m^i^m^co^ 
mmmiz-^\'^xmm-t^. 
(mmio ) »Ki ot3{icMSr±Mfc-ri.-9-7T-fT 

com. R®, AMSr±Hi:-r'l>^f:7r-f T. -eoffii. x 

t*:t->;U ( M g A 1 2 O4 ) COi 3 ^^i*(7)*«<?5ffe. S 
iC (6H, 4H. SC^^ti) , ZnS. ZnO. G 

[0 04 9] {^<-yyrmi 1 ) ^^-/yrMl Hi. M 
X.(fAlN. GaN, AlGaN. InGaN^Sr9 0 

o'ciHTcr>&mx'^M:^-^x . mmm+^ty^y-h^- 

[00 50] (^2cr,/-s-yyrPSl 12) m2cr)^<-/y 
rMl 12l±. mW^^/yrBl l<0±lz. mB^<-yy 

TSi 0 i>m-is^x'^-S:^'^tfzMm^B<Dm^m^mi^x k> 
Kc^mx'h^. ^^-yyrmi 1 x'oi^mmtr^-th, z 
cr>m2co^<-yyrmi i2ir<!Kizm-M:^-thnm-=iy^ 

^LKiinm^mm^ \^-y'L^j:^^^im^1i^m . IS- 
tL<l,iGa.Nmt-t?^t. m2cr>y^-yyrmi l 2cr> 



'i^hfth. mM(^^o\z%mm:mm-hnm^v^9 
\m^wmx'im, tie^-ri.^. n m7[-wmm.cr> 

^^x t : MaWi^flijoJi**?! ^m<'z b i:=5roT^ 

\,-^f^2coy<>yyrmi 1 2^^^-^-\t:^ZtizX'0. ^ 

A- VTim.ti^iz^ <f^^B&(r>B:^^nm^y^ ^ y-m 1 2 

i&^-^it^Zt'/fiX'^^. ZC7)m2(7)^<-/yTmil 
2Com!fl.±. 0. l//mJjUi. ^^(,ZiS-^L<liO. 5 
jumi;Xt. atifiL<{i:l/xniiJLh. 2 0MmWFI>Z 
mmt^Zt-fymtL^K m2cr>/<-yyrmi 1 2t>^ 

0. luniXKiiiW^^t. ^^^m&(r)J^^\>^nmziy 

hmi 2 c7)^attO[Bi±*% t 
I.. i/t2 0/zm±'9t]¥V'>i:. ll2(7)>'N'-y 7 r Jl 1 1 

2cr)y<-yyrmi 1 2 ^i?<fi£:S$-<i:l.fiJ*i: LT. 

^ic. m2i0yN'>y7r«l 1 2T1lii*^JS*^0^-r<^ 

-if ^-^ o^ife;?)^'[^±-r s . $ \y-^^c7)mrim^ 

m2cr>^<-yyrmi 1 2P^X'JKti^ -yX . ffinj^i^jfif*!/ 
9-»'^#^-r<^-S.. ^ri3. ^2<^>N'>y7r®l 1 2 
{4. G a N . S i C. Z n O^iO^litt^^ffi 

[0051 ] {nm-^y^'^vmi2) nm^y^^v 
mi 2\inmm^mm-h^y'^ ^ vrntLx^m-rh 

mX'h^. 0. 2/imUiLh, 4 mi.:iTl::iiS-r i> i: 

*^'M^Lv->, 0. 2ii^i,m^h. ■m.-n.mM^mm- 

(oBmx'm^B'mfiM< ^j:hm\^zh^. ^oniiiny^ 
hJi 1 2<r>mtw^mmz\i-y"ti> nrnK-wmco^ 

HJil X 1 0i7/cm3~l X 1 02i/cm3c7)IEH. $ 
^t:if4L<(±. 1 X 1 Oi8/cm3~l X 1 019/c 
m^\,Z^m.-t'hZtifimt.L\^. 1 X 1 Oi7/cm3 J; 0 

*iM46-r. 1 X 1 O^i/cm^ i 0 t:'^#V'>i;. 

fzisb. mT<^m^M<^j:hmmz$il, , ^i3nll|3>' 
^-i? h«l 2(Ciol^T{i, nm&2 3 bcr)7t—^-y<^m 
mSJIai^A^^<'ti>tzib\.Z. mnm^y^9 VMl 2cr> 

^ A- u rm^^ 1.W hT-mmc^i^^i . n ^ ^ -y h a i 

4 i 0 t:^t=<-r-5.c:i:*iaiLv->, ^js. nm-=iy-5' 
^ hiil 2{4^(CGaN. S \ C . Z nO'mcr>mm/&. 
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[00 5 2] -^fz. f^2<r)/<-yyrmi 1 . Rl/nM^ 
V^J-^ hill 2cr)|*|<Di!'->^r< i: ^tS^S 

m2cr>mt*mm^tir^j:hm^mitt L/t^^t^ 

JlSrEtiJ$-frTnmSg2 3^m-ri.::i:t^J:0. nm 
fiS 2 3 <7)^«!i^ijt*iiK< T^m^triSTF^^t d t 

^i^tL?) nfl:ti2 SO^f^Sfi: ttiiA 1 , T i , W. S 
i . Z n , S n , In ^COikS^ L < li^^tpmf i^tl 

o 

[00 531 ifc. nm^y:^^hmi2t:^m!im& 

X mm L^c H E M T [zmm. l fi-^^\,z i o a^ri^icossi 

[00 54] (^7-y^|I6±iil 3 ) ^5>y^l!S±Jil 
BJi. ^J;i{f. S i ^ 5x 1 Qis/cm^ h'-TL/cI 
no.iGao.9N*»/i^:0. «^J;j.{f, 50 0^>'^'Xhn 
— i^cOMff^^-r-i). C:i0^5'7'y:?'Rejhii 1 3(41 nS- 
^-j/j^hn— AJiUi. 0. 5xxmJ.:lT<0M/S-C'f!ic;:g$-li: 
i.C:i:3&W*Lv^. 1 0 03j-y^Xho-Aj;01>^V> 
tmBcoXol,z^y-yi:^m±bLXi^mUz<<. 0. 

^*J. C:0:?7-y i7R&ih«l 3{4. 1 <7) i ^ 

t:^:^$-ti:^nffi!j^^>y \^mi4iim^mt-thm^ 

[0 0 5 5] (nMMt&?-*^f>=Sr-i.n{i^'7'y H«l 
4) n{il:7 9-y KS{4. i^lJjtJfS i 5 X 1 Ois/cm 
3 H— TT-LT^^nSAl 0. 2GaO. SN-^j^i^^'O. 2 

K— rcOGaNi 19^:0. 2 0::t>':?''^ hD-A«OMJJ 
^*-r'l.m2c7)gfc*i3SSC«il$ii/i@*&^®J: O'S: 
0, -^WX-m^liO. 5/imc7)Mi5Sr^r-r^. C:c7)nS 

c?)J12r A 1 Sr-^OM-fb^^^*, t < (4A 1 G a N 
^&^-^'±^Zb:^mtL<. 1 0 0:^>-i/XM3-A 
tJLh. 2ximl.:lT. :&^>i;ifiL<{45 0 0^^^25''Xh 



1 4 im-comim^i^x'^-M:-^-^^ zbi>x'^h 

[0056] ( nm^:ff^ 1 5 ) nfflO^t;^'^ Kil 1 
5{4. M;t{f. S i ^5x 1 Ois/cmS K-Tt/::n 
SGaN*»^>^D. 0. l/imCOM/SS:W-r§. i^On 

GaN, I nGaNS-^^^itTBBfe-r-lor i:*^'aiL 
<, jl^l 0 0:t>i?^Xhn-A~5Atm, -^i^iZMt 
L < {4 2 0 0::^y^y. h a-A~ 1 u mCOmmX'^^^ 
■^t^Clbipm±L\,-^, ^i3, ZCOtft:^>{ KJf 1 5 
"T-miZ-th Z b ti^X-^ h . ni!l^;«r^ 1 5 . nfflO^ 

^ -y Ki 1 4 €r^ii&^ii:-r?.^-^, li^s^ii^m-r 

(4vg14lii 0 t^#<-ri., *3^s^Jlt-rs*^tc<4. 
lllc7)ll&l^||2c7)a<7)i!'-:&-< b i:,—:fjl,Znm^W^z: 

^ ?5?'-f H « 1 5 (4 , T y h' - rcTjM-fkJI^^fitmJf* 

^L<i±Ty\'-y'com^tm^mmm^tifzmm' 

[00 57] (v§fiJil 6 ) vSttiil 6{4, i5ij;t{f. S 
i SrSXl Oi8/cm3-t K— ^-L/i I nj. zGao.gN 

iO^O. 2 5:t>'i>^X>a— AOMi?S:ir-f-|)#Fa 
i;. SiSrSxl Oi8/cm3h'— ^'LTtl no.oslG 

ao.sjNiO^rO. 5 0^>'i5^x^^-^<7)Mi!:^:tt- 
^I^MJ■hS:35^^cWS•ri.i^:^^j:0. m^coMH^ 

*-:*-2-^g4^#p^jt (MQw) ■riifi£-r-&. YStts 

mm-^izT^m^i h'-r 



1 6(::ioV^T{4. #FS. 
MT*iEi|?32rb'-r-r-l>i:Pffi*^'«T-r-l.^iIfi](:$>-g.. i 

fc. zcDX 0 tzmim 1 6 ^^mm^^-Fmmb-thm 

^izim^-fj^y •y:7°x^^;U:3f-cr)/h§i^#Fa 

sJiii^as-r^j^c*^. «ii&?ai:{4izsij$ixs. #f 

mcom^lt. 1 0 0::^y^Xhn-M.l:JT. »tL<{4 
7 Oji->'j/Xho-Aj.:j[T, St.ifiL<{4, 50:ty 

yxh^a-AUXTi^z-t^. m^mcom^iii 50:^yy 

Xhn-AmT, »glL<{41 0 O^y^Xho-^m 
T. St*?iL<(47 0:t^i5^Xha-AlilTt-rS. 
[00 58] (pm-vyrai 7 ) pfil^-v-yrai 
7(4, vSltii 1 6 J; 0 i)^^'>' F^-r -yyj^^^)l^-:f}^iz 
fl?!li.{4\ MgSr 1 X 1 02<)/cm3 K-TLJtp 

MA lo.sGao.vNiO'SrO. i?>j;t{f. 200:ty^^X 
I^Z. ^-r-yy°mi7t:m\^^ZbtimiL\>-^i}'^. ZC^e^ 

-r-yrB{4, m^^mMi.zm^^tthcr>x\ ^^mx'\i. 
•rt^v», pm^^-/y'm\7(r>mmio . i/imm 
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i>nt L < {i 3 0 0 T'x h a-Al^lT^zmmt^. 

0. 1 umX'om^^mmx'^^^-t^t. ^m^^-yr 

-V -y 1 7 O . l xx mUUiT-S>i. t. 

V TJ&*.r<7)a::t-;^^-y^'•J r t 'Sri. pM^a- /^-ii 1 7 

[00 59] iJt. pm^^-yyminzi,±. ldmi- 

^miL'^K-thfzMz. A 1 coffl^Jt3&^:^^v^A 1 
{f. Yffi*^0. 2J;iLiii7)A lxGai.yN-e-S>ix{f5 0 0 

:^y:f^xht3-Aiirfi,zsm'thzttmtL\,^. pffl 

=jf ^ -/re 1 7<Dms.(7)Tmi,i^i,zm^L^\^i}K i o 
[0 0 60 1 {pm^:^'-( v^mis) pmtft^^ )^mi 

8 {± , y ■< y K =3r> -y rx :^^j\^^-ti^ pM^^-v y'M 1 7 
J: 0 t/h$v\ ^J;t{f. MgSr l x i Qzo/cms h'- 
3^L/ipMGaNJ: 0=5rOs 0. 1 /zm^O)^^^|^•r 
'S. C:c7)p{i!l3i5;«r-f KSl 8(i. vSttill e<7)%:^'A K 
SfcLTf^ffiL, n{i3t;>y>f Kill 5t[SIt<GaN. 
I nGaN-eB^*$-li:-C?g^-f--&C:fc*^'aS LV^, ^ 

::<^Ji{ip{ii?7-y K®1 9^«;S$-yri.l^C0>'^'-y 
^^rSi: LTti^fflL. 1 0 0 jj->-^X ho— A— 5// 
m. $/i>lCif4L<(±2 0 0^>'^^:2.ha--^~l/im 

CO^mX'^-§:-^^h^tt,ZX^. mL\^^^'^ }^mt 

sr^fi^Jifc-t-^^i: mif^mt-thm^i^z 

{in 1 c7)®St/ll 20iiOii'-5r< i: :^tcpM^^*^ 

[0061 ] (p{ili7 5>y h'Jil 9=et&7-il) Pi!l:7 
^-y Hill 9{i. CflJi.{i\ MgSr 1 X 1 O^o/cmS K 
-TLfcpMAlo.zGao.eNiO^O. fl?IJi.{f. 2 0 

i^y-x xhu-M.cr>mm^^^^^i<^mt . mum 

sS: 1 X 1 O^o/cms F— 7°L7^CPffiGaN J: 0^ 
0. 2 0;t>'i5'';^bn-Acr)M/ISrqS"-r'l.^2c7)iii:*< 

Jil9{±. nPJi?5-y hill 4J:|nlt<^^UrlBtii 
LT-ftfflL. ilttcpMJiiDffiiS^^ffiT^-iirS^.: 

i^tclS^t^V^*^ 1 0 05}->^Xba-Aj.:JLh. 2 
/zmWT. $^>t::ifSL<{i:5 0 0:t>'i^.xha-Am 



[0062] {pm-^y9'7hm2o) pm^y-s'^v 

ii2 0{±, pffl^5>y 1 9<7)±t:, mx.\i. Mg^ 
2X1 020/cm3 K— ^-UfcpSGaNJ: 0^0 , 
;t{f. 1 5 0Ji->':5'';^hn-A<:oJSJSSr^r-t^. CKT^p 
dl^i^^i? hJi2 0{SpMi^I n^A 1 yGai-x-vN 

(OSX. OSY, x+Y^ 1 ) ■tiiBS;t-■l>c:i:A*'T' 
§, n±L<\±. Ji^OidtCMgSrK-rLf^GaN 
fc-ttLtt', P«®2 1 fcSt^i LV^:pJ--5 -y^^fM*^' 

f#4.tLi>. ^h\>zpm-:iy^-^hm<r>mm.^5ooiry 

b D- A^T, $'i>t*f4L<{i3 0 0:tyi5^xh 
a-AjJJlT. gtif4L<{i2 0 0:t>'^aha-Aj,:l 

^zmmtfi^ci ■ cmmLiih^prnm^m^a^mco 

11115:5 0 0:tyi^Xhu-M.l;J.TI>zmM-thZtl,ZX 
[0063] 2|s:|^BHT'(i, pffll^y^:? hJi2 0 

m2(r)mtimmL. ^1+^2+^1+^2+ ■ ■ ■ 
2itntL\^^-s.'y^mMm%(>ix^. p«se2i 

[0064] i?^^, ■^mm&m2X'ii. ii2t^^-rid 
tcpi:fii2 1 1 . nmM2 3 t(r>mzmitiLtzm.-im^ 
mi^m<7mmiz s i o 2 j: o ^?>w^m 2 5 $ 

ti. ^<^mm2 5i,zm^^tifzmn^^^Lxpmm 
2 1 trnM^mzmm^titip^-^-y h'm®2 2. Rx/nm 

m2 3 ti^m^h.tz n y N° -y 2 4 . H 
c?Dp/>°-y h'm^2 2«ill«fi^=5:pttfii2 l«7)affla^l£ 

(fT. pmm&^^-f ^—^^yf ^ yy. y^Ti-^yy"^ 

ytfX'^hXot,zL. —:fjn/^-yVm&2 4linmM2 

[0065] a±comtmm2<r,mim^i^m^ii, 
mi com. Rt/m 2 com iw\iM^m^&.T(Dmmi,z l 
xmrn^titzm^mx-h^ . m^aitcoii^pm^'y-/ 
Ymi9^mx.x\,^h, ztii,zx-ox. :^mtmm2cr, 
m.im^im'T-ii. pm9=y-v ym 1 9 <r)mm^ . 
mm=f-m^i^L^j:^-^ p m^^ y -v ¥mi<zim lx 1 m 
±M.<-thztifiX'^hcox\ mmMK. mm.i<Si<^ 

[ 0 0 6 6 ] ifc, ip-m:mBm2<T)m.itw^m^m'?'X' 

{4pMA lyGai-yN^-^lfpiil^'^-y KHl 9(:igL 
p(B!|rj>':J'i?hji2 0t LT. ^(r)mM^5 0 Q:^y-^ 

:xhu-M.[;x^hn<mm-h:it^zxK) . mwmzp 



(12) 



10-335757 



^;g$ii:i>t«tc. m2WN'-y7T®l 1 2Sriiii.TV^S 
cr>X\ m2C0^<'yyrmi 1 2cr>±l,z^^^-\t^m^m 

^, fftL<{i, m2cOV<-y7r/il 1 2<7)±I,Z^^^ 

[00 6 7] ^fc. *IIJSJgE2<:7)LD^^T'«iI nG 

a NO J: a =5:. ii'-^<i:i-f y>-''^A^-g-tfM^M^ 
f*:*SttJil 6l:fii;tS%^Wi. InxGai.^Ni:, 

«1 65:^15-^1. /i ( nffl!|^7-y H« 1 4^tt/pffl!l:7 7 
X . Mttil 1 6 i: mm^rn t co^O K ^-r -y r Ji^VU 

ttej&^'ffcOA 1 G a Nc7) i 0 :2rA 1 S-t-t^M-ft;%¥^* 

mm Lrz^m^fm^i^m^mz^ ^yy^ o < < 
[0068] i^%mm2c^i. o \zm.i-Vtpmm:^-t 

J®-^. -E-co^gS® 1 6iCjiLT, vSttii 1 6 i 0 t A> 

1 ^^tim.wm-mf.^ 0=5:1. pm^a- -yrji 1 7 ^is 

tt. -ecopi!J=ir-^-yr®i 7 iOtvittWA^^lSiii/cfi: 

aiCs Pffl!l^^-yr®l 7J: Oi>^>'>'H^-Vyrx:t-.;P 

=5f-^'/h$v>p{i3tJ&w H/ii s^istt, -eopii3t;e?' 

F® 1 8 J: 0 K^A- -y 7°3!?^';'c^ V^M-ftliRll^f*:. 

L < (iA 1 ^-ktsmm^^^-ktswrnmrn: 
-^■thpm^y-/ vmi 9^mfhzbi±imizntL 

V->. L*^tpM^^-y7°JIl 7 co^-sy y^^-^ •y-rx.^^-ju 

■fP. C:£7)pil!l^ir-yr«l 7TRaih$fLTKtay)^> 

[0069] ohconsfej^Hi 2 (Tymm^im^x- 
^^Bj-C'ti n meoim^miiisws 1 6 ^^t^t) n mm 

prnmitwrni^mmm ( pS«ii) tcii'->:a:< t 1 ii 



i\ -fit, BrriE^ts^"e{ipiHiit~m-r.?.ii-&{4^A' 
vTmti2,ibmtLx<7)pm^y-y\^mi 9izmmL. 

Vf . ^ffi2r<ST$itl.±T'jatif4Lv^ili[6it3&S. 

[0070] liLh<?5 J; -5 {zm^^ixfzmiWm2cr)m\L 

#fflM. fFiJx.{f. M^»fflM4'-C'. 4 0 0°cm_h, <5iJ;l 
{f 7 0 O-CfT-— 'J >':/Sr=fTa C:i:*^if* L< , Clix 
i o T . p MM'fl:!|?!I^f*:ii^i^i7):g.Ji ^ § /i, i,zim. 

[007 1 ] iLtz. mmm2cr>m.im^^m^x' 

{i. Pii:3:x^^' hJi 1 2<:0*ffitCN i i:Aui O:^:.^ 
P«ffi2 lifixVy^-rmzm^^ti, :icr,pmM2 1 

£7)nli3>'^'^ hiiaB<0{i{?:^BtCnmiS2 3S:iS(t 
TV^S. ic7)iatc, *eiHt»fi^SrfflV^f^;©-^pmflg2 

1 cmmizi^^mip.[z nnM2 3 Srgft.i.iS)t{i. mm 

[0072] ^Sris, *^Sfi?g® 2 T'ti, U -y i^'SU ( X h 

5^7°4^(^m®) lcSil::5r:^riRiT'MML7tPMB 
SB) ^ZS iOitT iO-,i:^^j:h^^^mm.^m^ 

[0073] CliOj: 0 tc. ^js^HBi-fcV^T. Hfg^il 

tLxm\^ih>ixhfz^. w^mirmm- ^^im^ 

[0074] 

[^sfeM] vxY. mmm^zii\^x:i^^n^mm,'th , 
mmm 1 1 ^wn^zg^^mmm i tin 2 i^^^-rM-fti^!) 
4^*^^ (LDS^) «o^^^m-$> •) . j;iTi7)^)ii-e 

^M^ii-l.. -9-7r-<T (CM) J: O'Sri.afl^ 1 
/tf*. :^S2r»i[L^*-%. S^oagSr 1 0 5 O'CtT 

^-^r^r (NH3) fcTMG ( h•;^f-;^;^f>;'>A) i: 

^^1 OitcGaNi 0 =5:1.11 lc7)/'\->y 7 T® 
1 1 ^*«J2 0 0:t>:/;^ha-AOflilST-^«$-»tS. 
[0 07 5] >'N"-y7r®l l^^k. TMGO^^jh^!^ 
iS^Sr 10 5 O'C^X-lM^^h. 10 5 O'C^c^ 
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^^VTM^IX 1 0^^ Xcm^ COT y y^—TG a N 
J: 0^r-l.m2<50>'N'-y7TJil 1 2^5um(7)^m.Tm.-^ 
^■^i. 112 c7)^\'>y 7 rJHi I nx A 1 yGai.x-vN 

( o^x. 0 ^Y. x+Yg 1 ) ■vmm.X'^ . ^comut^ 

(Y{i)*iO. lOTcOA 1 yGai-yN. igtifS L< 
{±Ty h'-7"c7)GaNi:-r.S. MV-^T, 1 0 5 CCT'T 
MG. Ty^—T. (S i 

H4)Srffl\,->. S i 1 X 1 Oi9/cm3b'-rL/inMG 

[00 7 6] iajgSrSOOri^LT, JS^;<?X(c 

TMG, TM I ( M;;'<f-;U^ V-i^-^^) , T>^ — 
T. ^n^:^'Xl,Z>-yy:^'X^m\'^. SiSrSxiQis 
/ctfF-rt^cI no.iGao.gNiO'Srl.i^^-xi^Ee 
ihii 1 3 $r 5 0 0 :tyi5^X h a~J>,<r)mmT^M:^-± 
-?-LTi5JKSr 1 0 SO'CtcLT. TMA. TMG. 
Tyt—T. >'yy:^X^m\'^. S i 5 x l Qis/cm 
3 h'-^-tJ^cnMAlo.zGao. sNiO^Sri.lllOJiSr 
2 0^>':?'-Xho-A£0)U¥T-B!t;S$ii:, ^V^T. TM 
A. >'yy^±lsb. TyV-y°GaNj:>^^j:^m2cr,m 
^20:^y^Xh^-J^cr,mmTmM^-^h. ^LT, 

dwi^-ft^-eti^^i-i ooEii^OigL, m.mMo. au 

[00 77]MV->T, 1 0 5 O'CT'S i Sr5x 1 018/ 
ciii3H-rL/cnMGaNi'?^-&n(|!l3t;<^-f FJi 1 5 
SrO.. l//mi7)SiiST-BS:;a$-lt-l><. TMG. TM 

I. ry^r-r, S^7>2-fflV^Tv§tt® 1 6SrB!c;S$■i^■ 
-l.. Stt^l 6{±i£JgSr80 0"Cl;«fe5*LT. s-rsi 
Sr8x 1 Ois/cm^T-h'— 7°t3t I Hq. 2 Gao. s N i 0 
^^#Fii^ 2 5 ^^i/^ h n-AOMiPT'«:R§-y: 

<J:t;TM I 0^:;^Jt2:^^b^-ttl><7);^»tT'|nI— 
T\ S i IrSX 1 Ois/cmS K-7'"L/i I no. ciGa 
0. 99 N J: 0 'Sr^RESJiSr 5 0 ^V^/X h n-M.<7)mmx 
^^^■±1, :ic7)mi¥i2\3\m'0ML. ef*^c#Fii& 

mm tfzBmm 1 7 5 :t h n-^«o^s»^ #f 

^SJt (MQW) ovsitsi 6^m^^^^. 
[ 0 0 7 8 ] ass- 10 5 o'cic±{f , mn^'y^ 

{CTMG. TMA. r>-^: — r. ^^ft;^";i?.tCC p 2 M 

a J: K> i>^<y K^-v -y rx^->;P^-*i:;^# < , M g 2: 1 
X 1 O^oXcn? F-7"LfcpSA 1 o.sGao.vNiD^ 
i>Piil^^ y7°Jll 7Sr3 0 0^>-:?^;:?. bn-AcoM/P 
X'^Mi^-t^. m^'^X. 10 5 O^CT'. M'VK^^ -^7° 
X:t>;l'dt=^-*ipiadf -y 7-/1 1 7 i 0 ^>/h§C\ M g Sr 
1X1 0"/ciii3 h'-7°L7"^pMGaNJ: 0^-l.plll3K 

j&MKiiiss-o. lumcommx'&S:^'^^. 

[0 0 793^WT. TMA. TMG. TV^:— T, C 



P2Mg$:ffl»,\ 1 0 SOrT-Mg^rl x 1 O^^Xcm^ H 
-7°L/ipSA lo.2Gao.8NJ; '9^^^1iO®2:2 0 
:t>'^-Xha-AO)lWT-^:t$-lt. ^V^TTMAiO;^*^ 
Srih*^, MgSr 1 X 1 02»/cm3 K-T-LfvTpSGaN 
J: K>^^m2<7)mi: 2 0:^yyx h a-AcoMi¥T'^:R 
^LX:icr)mi¥i^tL^'tllOO\BimK)ML. 

9 ^m^-t^. mmz. 1 0 5 0'CT\ Pf«l^ y -y KJl 
19<?D±t. MgSr2x 1 O20/cm3K-7°L3tpMG 
aNi O'Sr-l.pffllnVrJ'^' hJl2 05: 1 5 O^fVi/J^h 

[0080] SiE*^Tf^. «ag*Mia^ T'Ttf . $ hi,z 

L« m2l,Z7jk-^Xdl,Z. R I E^aicJ; 0S±SOp{i 
n:x:J'^'h®20i:. pW^^ >y h'Jl 1 9 Srx-y ^> 

[0081 ] mz^) -/ -jmMiz-? x9 -^f^^L ^ m2\,z 
LT. nm^y-5>9hmi2(r)mm^^^^'\th. a^rt 

^StCN i i:Au i '5^-Sp«ffi2 1 iM^-t^. — 
T i h A 1 i 0=5r^nmi!B2 3SrXh5-<7°*eiOn 

flia>':^'^' hmscoim-^mizm^-t^. 

[0082] mz. m2^Z^^^dl,ZpmM2 It. n 

mm2 3t cr,mi,zm\ii ttzm^ms^^mi^mc^mmiz s i 

Ozi '9^^i^^2 5^Jg«L, ic0^^2 5^:0 
LTpttfiB2 1 i:«^Wc:fi^L/^P>'N°-y }<m^2 2. 
RX/ n^^ y \imm2 4 ^m^-th. miCOXol^zLX. 

nmMtpmMbim^Lti^ji-y^^mmmwiiz^m 

Oil$Sr5 0^mi:-ri>, ^-yf^-^f^. $^>tc«B*H^ 
9f ^jPJt' 1 At m ;K y V ^' L T MH*: i: -r 

[0083] mmmm. mmmmirxi^^^iyLx. 
xhy-! y°^cr,mMizmm.^:)f[^x'/^-mzmm l . m 
mmizim^i:im'ti>, i^mm^zs i Oz^t i 02 
j:K>^^mmi^^mmi:m^L. mmizpmmi>z^n^j: 
*-i^t\ y-s-^imLxu-^^-yrt Lfz. mz^-y 

r^7x-xT-yr (mRth-h-yy^ bt/m^^Ltz 

X'h-hi^y^^'iz^mt. ^ti^'ix<7)mmt:'7^ 

^-Tnyy" ^ y^Lx . m.&T]y—i'm&iM.^tzbz 

MSt=:i5V^T, raffilloS^jS2. 9kA/cm2, M 
ffil|jE4 . 4 VT\ 5lti?S:a4 0 5 n m(r)W^^Wdm 
iS^ix, 5 0B#^iiLhO»#^S^L;^c. 
[0 084] (JtiKfiajl ) m2^7)y^'•y7riil 1 
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1 X 1 Qi^ycvP K— 7°LJtnMGaN#— ■e5/im^ 
^S-tir, Kill4SrSiSrlxi 019/cib3 

K— TL/inMA 1 0. zGao.sN^— T'O. 4MTam^ 
pM^^-y Kfll 9SrMg^ 1 X 1 OZO/mS H— 



[0085] 





1 0 • 








1 1 • • 


• • G aN 


2 0 OA 




1 2 • ■ 


'•Si ynMG aN 
Si: 1 X 1 0 'Vcm' 


5 x^m 




? 1 3 • • 


•Si }'—-fnm I no. IG aO. 9N 
Si: 5 X 1 0 * Vcm' 


5 0 OA 




■14.. 


• S 1 H— ^n^A 1 0. 2G aO. 8N 
Si: 5 X 1 0 • Vcm' 


0 . 5 /xm 




f 1 5 • • 


• S i H— V^nMG aN 
Si:5 X 1 O'Vcm' 


0 . 1 /ifl) 


SSIS (MQW) 1 6 • • 

mmm i ? s a) 


* S 1 r"-~I nO. 2GaO. 8N 
S i H — nO. OlGaO. 95N 
Si: 8 X 1 0 "'/cm' 


2 b A 
5 OA 




1 7 • • 


• Mg K— t'pSA 1 0. IGaO. 9N 
Mg: 1 X 1 0"/cni' 


3 0 OA 




1 8 • • 


• Mg H-yp^GaN 
Mg: 1 X 1 0 "/cm* 


0 . 1 urn 




1 9 • • 


• Mg \i — zfpMA 1 0. 2G aO. 8N 
Mg: 1 X 1 0 "/cm' 


0 . 5 iJLm 




2 0 • ♦ 


• Me h--:/p^GaN 
Mg:2 X 1 t) 'Vcm' 


0 . 2 Aiifl 



[0086] zcDXo t,zm^ Lfz]iMm<r>u—>fm^ 

[0087] [||*6fi?lj2] It tSV^T. n 111:3 >- 

■9'yYm\1-k. S i S:2X 1 0i9/cin3 K-rL7^^n 
MA 1 0. 05Ga(,.96NJ:'5'5ri>mioS2r3 0^^j/^ 
ho-AcOM/lT'^:S$-lts T>'K-T<7)Ga 
Ni '9=5r'i>^2oe5r3 07j->':/XhQ-Ac7)]ligT'fiS; 

-s. i: L/i t ^ ^ , lafflmsE?^^ 2.7k 

A/cm2 . rafflmff 4 . 2 Vt\ »^ 1 6 0 ^StLhSr 



[00881 [^M^J3] ^Ji0iJ2tCioV^T, niOav 
i 1 X 1 0i8/cm3 K-rLfcG a N t-ri)^!!!}^, H 



[0089] immMA ] ^SfeflJ 1 ICfcV . ^ 2 Wn' 
<y7TSll2Sr, S i 1 X 1 Oi''/ctf K-rtTt 
GaNhtT. 4wmfiS;^$ii-^flfi{±. ||M^Jlh|i]« 

<rmm:^-t^ v-^m-^fm Lfc t ^ ^. . 

l^jg 2 . 9 k A/cin2 . ^<imffi4 . 5 Vfc±^ L^C 

[0 090] {.mmms^ mMm\\.z^\.^x . T^m-jiy 

^C^Vm\2^. S i 2r2x 1 0i3/ciii3 K-rL/::n 
MA lo.2Gao.8Nj: 0 =5:1)1^1 6 O^Vi^-'^^h 
n-A<50M/ST'fig:^§ii-. ^\.^T. S i ^ i x 1 ois/ 
cn,3 K-rL/cGaN J; •)^Sm20ilSr4 O:^^^/:^ 

PJf 2;Ltm£7)®tg^^ijih-rS, ^LT. nffl!l^'7>yH 
«14SrS 15:1X1 0i8/cni3 K— :rL7^cnMA 1 „. 2 
Gao.eNm— fO. 4Aim^:g$1i--5,„ -eill:ili'l-tO« 

d^. iOffiSoi[^JS3. 2kA/cin2, raffiSE4 . 8 
V-r\ »^1.3 0^Sl2iLh^^FL7t. 



(15) 



10-335757 



[00913 Lmmme ] mmmea. mmm ititm 
LT. liiTco ( 1 ) , ( 2 ) tm^^mit. mmm 1 1 

2: 1 0 50'C^T-±#$-li-|). 1 050''CI,Z^j:r>fz^. 

l-*. S i 5: 1 X 1 OiVcm3 h'-rtf^nSA 1 o. aGa 
o.gNi '5^Slllc7)ji&60^>'^-;^bo-A£0)llff 
T-^S^-fr. ^V^T. >'7>'. TMAS-±i6r>'F-7' 

m+ - ■ ■ b^^oXoizm^i'mirm^L. ^tt^tim 

1 C7)J12:5 0 OJi. Sg2c0SSr5 0 0 S^cSlcWJf t . 
|gJlJ5 5xtmc7)tSt&?j:0=5r-i>n|iln>'^^' bSl 2 2r 

( 2) J^t. ^SfiflJl J:|SI:^t:LT. SitrSxlO's 
/cm3 H-rL;^^I no.iGao.9NJ;O^I>^'7>y^'|J& 

ifc« 1 3 Sr 5 0 0 :^yi^'x V n-a>.o)l/?T-BS;*$ -ti: 

■g.. -etr. iSJKSrl OSOrClLT. TMA. TM 

G. r r, ^-^ySrfflV^ S i 5 X 1 Ois/cm 

3 K-rLf^nMA lo.2Gao.8NJ:O^.Snfflfl^'7-y 
h'®14€rO. 5AtmC0!liJ-C'fi&:S$ii-.i.. f^cT), nil 

mt,zm-^X.. nM:3>'^^hiil 2. JSil/pfflfl^^-y K 
ill 9S:^it&Ti: pfflnv-^^ hJl2 OOMff^^ 
Jfifi'lJ 1 C7) i a tc: 1 5 0 :t ViJ'x h o— A i: -r-l. 

A/cm2, ra^miE4. 8VX\ 4 0 5nmi7)^^S 

[00 92] ^i^iz. mmmecommcoi.Dm'T-copm 

i^Dm^commmmb<Dmi^im3iz 

^-r. >Iil{Spffl!l3>':5'i7 hgj&s. :£*»^JiilcA ( 1 0 
^ry^/Xha— AtJlT) , B ( 1 OiS^y^XVu— 
A) . C (3 0;^->'^;^bn-A) , D ( 1 50:t>i/ 
XhO— A, 2is:||]Sfe^J) . E ( 5 005j->'>>'Xho — 
A) . F (0. 2jum) . G (0. 3p.m.) . H (0. 

-j^imt^t mmmmt)^<km(>z±^-r^m\^i,zh s , 

pffl!lr7y:J'^ 2 0£7))lii{i5 0 OrtiXi?":^ hn-A 
l^T, ^'^ici?* L<{i3 0 0::i-y:P^Xhn-M,l;j.TX- 
ht:Lti)mt.L\>\ ^fcl 0:t>'i/Xha-AiilT 
(fci^lJl^a. 2m^miS:<) iz^j:^t. TgPOp 
7 -y KS 1 9 0^ffi*i^J±5 LXKlfzib. p mSiO 
3 y ^' h«tji5!?^S< =5: 0 > ra«mJE{i±#-r Ml^lw 
^b-S.. L*- L^:*^' 4> , 2|s:?|Bj<7)LDm^Tii:i@t&^«Sr 



[0093] amm 2) mi com^coiy-^frn'^izii 

V^T, n{il^7-y h'ai4S:S i S: 1 X 1 O^Vcn^K 
-rLTtrnSA lo.zGao.gNj: O'Sr-Sm 1 ^Oil?: 1 8 

o^y:^xh'o-M.cr>mmx'^^^^t. m^xry}^- 

rcOGaN J; 0^l>|g2cOJlSr 1 2 0:^^^::?. hn-A 

^^i<r>mhm2cr>m<Dmm^:m< Ltzw^x-m^ 

kA/cm^T-iSiBi^ffij&iiitS^iX, ^<imE*-'7. 5V 

X'h-^fz. ^azcou —f^^i^m^X'Wtix Li^ 
[00943 immmi^ mmm ei,zt3\-\x. pm^y 

•y^mi 9 2rMg2rl xl O^o/'cms K-r L:'iA 1 o. 2 
MgSr 1X1 02»/ciii3 h'— ^'L/ipMGaN, 4 

0;t>'^Xha--t.i 'o^^t^2cr)mt^mmLrz^m 

mo. 5Mmcr)mm^mmt^hiiHimmm6tw\m(^ 
Lx]^-^m^iimLfztz^. mmmmtmrnme 

2 0 JjJliO*^ Sr ^ L . 

[0095] [^Sfe0^j8] ^fiaj7t;i3V'iT, $4>t;n 
(|!|:7^.y Kjil4 2rS i 2r 1 X 1 Ois/cms K-rL7t 
nMAlo.2Gao.8N. 6 0:+>'i/Xha-Aj:i9=5rl. 
W.\CfM>:.. S i S: 1 X 1 Oi9/cm3 K— rUcnSG 
aN. 4 0:t>-^Xho-i.J; '9=5:SSS2c7)Si;S:«a 

h®l 2. pfflSi?7-y H«l 9tc:jD^Tnffi!| 
7 -y N'ii?r®tS^fc L/^U—ifS^tS. ^Jf»9j6 

[0 096] [IISS01J9] USSfiajl^ciJV^T, Il2^7)y^' 
■y7r;il 1 2 2:^:R$-ti-riz:. ^1 tw^-TJ; -3 m 
liO^'N'-y^rBl l«0±t::. iSiSnMny:?:? hJi i 2 
i: LTS i 2:1 X 1 Oi9/ci# K-rLfcnSGaNJl 

ti^^X. nm-Py 'y}^mi A^2 0:^yyxhu-M,(r> 
Si (lXlOi9/cm3) F— 7°nMA 1 0. zGao.eN 

1 0^'i>lll<7);ii:, 2 0;t:xi5''xhD— Acory h'- 
TGaNi 0^-i.m2c7)«i;Sr«aLT=5r-l.eMlpO. 
AtxmCOW^m^t-th. ^'it^pdl^^^-y KSl 9 
Sr2 0:tV:/Xhn— ACOMg ( 1 x 1 O^o/cm^ ) K 
-rpSA lo.zGao.sNiO^-i.mKT^Jli:. 2 0^ 

>':;^";z>ho— AiOMg ( 1 X 1 O2o/ciii3 ) K— rpS 
GaNii9=3:^m2<O®i:^m®LT'5r^i|gM/?0. 4 
//m(7)^tS^ffiiti:-f 1). ^^>tci/cpM:3>':J'^' 

2 0$:IIM<5"JlOj;-5tCl 5 0^>'^X ho-AcOMg 
( 2x 1 02o/cii|3 ) K— 7°pMGaNi: LTttd-?), 
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*s*«Bit2§ix. mmmKii5. ov. w^tso^^m 

[0097] [HMfiajl 0] ^]Mg^j9tCfc»,->T, n(|!|^ 
^.yh-J114<50@t&^^«B£-r.l>m2c7)Ji^. Si^l 
X 1 01 VcniS K-TLf^GaNfc-r-l.fl{l{i. ^]^FlJ9 

[0098] Lmmmi i"] mmm9i,zi5\,^x. nm^ 

KJil 4 ^1ffi^-rSll2 0ilS:. SiSrlxiQia 
/cnts K-7°L7tn^I no. oi G ao. 99 N h-T-SfllltilSl 

1 4CDim^t:m^-ti>m2<Dm(^m^i: 1 nOaNi: 



[0099] [UMi^lJl 2] ^]|fi^J9t;:i3V->T, nil^ 
5-/ KJll 4 im^-thmicom ( S l : 1X1 019/ 
ciii3 V—rA 1 o.jGao.sN) cOMffSr 6 O^f^i/X h 
a-Ai:L. ll2c7)®SrS i Sr 1 x i Ois/cms K-r 
L;^c4 O^^-i/;^ ha-AcoGaNi: L. IgJlilO . 5 

AimOjSt&^^fjttfl). $ ^>tCplI!li5'7-y h'Jil 9^ 
^f!S;-r.g)|gl (Mg : 1X1 O20/cin3 K— rA 1 

o.zGao.gN) cr>mmieO::^yyxha-M.tL. H 
2i7)ji (Mg : 1 X 1 02»/cm3 K— T : GaN) O 

/5S:4 0:ti^i?^Xhn-i.i: Igl^/PO. 5um<r> 

i^mmt-th. o4 0n{iii?^-yK«i4^iSfig-r-g. 

|glcoiitm2(7)ac;)H-7°*S-|SIttcLT. MH^^ 
it^-^. pMI^7-y 1 9Sr«eS<;-r-i.mi<^®i:ll2 
cOJii: «OMSr^-fl:$-<i:l)ffi{i. HJte^J 9 t mmiz LT 
l^-- ffS^STf^L/^vifc^-^^ i3ffimo^M3. 4kA 
/cm2-C. 4 0 5nmir)^^ji;(,i5tfg$;ft^ ^ffi^E 

[0 100] mmmis'i mmmi iizt5\,^x. nui 

jssr 1 X 1 0 1 Vcm3 i: -ttmitmtm lit mm(7)m 
im^^^h—^'mT^imifztz^. mrnmi it 

[0101] mmm 1 4 ] mmm 1 1 tc^v^T, nn 

:J'7<y KJl 1 4Sr1f^-r'i)|g20ii (GaN) S-T>'H 

-ri:-t'i.fte{4^ffii?iji 1 i:ii«<7)^ijt$::fir-r^i—- r 

#M i: i -5) . mmm lit iH^mm<DW^t: 

[0 10 2] immmisi mmm9i,zt3\-^x. nii^ 

7-y FSl 4SrS i S: 1 X 1 Qis/cma h'— TL^tnM 
A 1 0. 2Gao.8N#— t'O. 4;um^^§-it|,fte{4l5l« 

{^fcV^T. p{ii7 7-y 1 9c7);^$:^j!FfefiJl<7)J; at 



M girl X 1 O^o/cmSK-rL/cpMAl o.2Gao.8 
Ni 0^-1.^1 coil, 2 0:t>'^^Xhn-Ai:, MgSr 
1X1 Oi9/ciii3 h'-rL/ipMGaNJ;0^l.|g2<7) 
S2 0:t>'i5''.X hn -/>,i:*>/i>^S Ignis 0. 4;Ltm<7) 

MicoXotzi 5 0:^y^xhx3—M,(r)ms (2x10 

2»/cin3) K-TpMGaNi: LfciiCl^. |Slt<ilffi 
ttS[l5J^3. 4kA/cm2-C\ 4 0 5 n mOii^^ii*^ 

5if2$ix, mmm&ii 5 . i v. ^{^2 0 t^i^Lt^ 

[0103] [mmmi6]m&mi5iz}5\,^x. pm 
^ 7 -y KB 1 9 ^m^-thmm'm(7)i^mimicr)m 

(A lo.2Gao.8N) i:6 07i-yyxhu~AtL. m 
20g (GaN) Sr4 0:^yyxhu—At LXWm 

jg^ffo. ^tJLmt^hmi±mMmiAtnu<r>\y 

[0104] [HM^Jl 7] ^^j9fcfcv%T. Piffle 
■7>y KSl 9S:MgS- 1 x 1 O^o/cmS F— 7°L.ytpS 

A io.2Gao.8Nm-T'0. A um^^^^imimm 

iz LT l^-if 3g^Sr#M-r S . i 0 s K 1 <r)m:^m 

t;i3V>T. niili?^ -y Fill 4O;^SrllJfe0yiOj: 3tC 
S i 2:1 X 1 0i9/cm3F-7°L/tnMA 1 o.2Gao.8 
Nj; 19=5: -1.111 coil, 2 0:^yyxVu-j^t. TyY 
— 7°c7)GaNJ: ^ts:^M2(7^m2 Oi[yyxVu—M.t 
J&^'b^rS^MiJO. 4/inicO^tg^^fijii: L, 

pm-=iy-^'^hm2o^mM'mi<^xo\,zi 5o^yy 

XFo-A<OMg ( 2 X 1 02»/cm3) F— 7°pMGa 

NtLtzt:Lh. n\:.<mmm^mu3. skA/cmz 
■c. 4 0 5 nmcr>^^mtmm^fi. mmnmi 5 . 

4V, m^iil o^mxt^^^Lfz. 

[0 105] immmis'^mMmni.ziiwx. -am 
^ 7 >y Fii 1 4 ^mm-hmm=?-m(DmM^w, 1 <7)ji 

(A 1 o.2Gao.8N) ^7 0:^yyxhu-M,tL, M 
2cOil5rS i Sr 1 X 1 OiVctf F— TL/il rio. oiG 

ao.99N. 7 0:^yifXhn-J^tLxmmi.mmi9- 

0. 49u mt^^mimmm iit mmcr>i—fm'7- 
trmz tz^. mmm 1 e ^zit^xmmmKt^^±^ 

-thmi^lzii-otztK wit< 1 O^raJiLhOH^Sr^-r 

[0 106] [mMMi9:\ mmminzi3\,^x. nm 

••/ FB 1 4 S:«fi£-ri>^fS^iic7)JiJS^m 1 (DM 
(A 1 o.jGao.eN) Sr 6 O^^iJ^'X Fn-i.i: IS 
2cOii (T>'F— :7°GaN) i 4 0:tyrxht3—M.t 

LxnML. ^mmo. sumft^mtmrnmiet 
c^i^-^m^^-^ntztz^. mtmi7izit-^xm 

[0 107] [||Jfe^J2 0] IIMM9(CfcV^T, $<i>(c 
T^M%:0^ FBI 5S:T>'F-rc7)GaNi0^r.|.||l 
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com, 2 O^ti^^^XhO— At. T>'H-7°<7)I no. 1 

MtX. pll!l3t*M FJil 8i>r>'H-T(7)GaNj:0 
I no.iGao. 9Nj:'9'5r'i>^20ii, 2 0:t>'i?''X hn 

— A i: 5rSJi L-C'5r«.*gJlJSS 0 0 :t y^^X h n-Ac7) 

h'« 1 8 . &t/^p{ffl^ 5 <y 1 9 1 ^mm^m^b 

5 0;t>'^Xha— Ac7)Mg ( 2 x 1 O^o/cmS ) 

[0 1 083 [^jfe<?ij2 1 ] :^mmmi±micr>LEDm 

0^I>»K1 c?D±(cGaN i 0^-i)>'^'•/7r/12 2^2 0 
X 1 0i9/cm3 H— TLf^n^GaNiO'^ir'&ny^'^ 

hiiSr 5x£mc7))i;it:'fiS;*$-tt. no.4Gao.6N 

J: 0=6ri.att®4 ^ fig;;! § -Its. 

[0 109] (pmrn^rn) mz. mmmitmmiz 

LT. MgSr 1X1 O^i/cms K-:7-LJtpMA 1 0.2G 

ao. 8 N J: 0 'Sr-I.m 1 ^OBS: 2 0 :t y^^X h n-AcoJK 
mX^M^-±. ^V^TMgSr 1X1 Oi9/cni3 K-rL 
pSG a N J: 0 ^1)^ 2 tOJlS: 2 0 Jj- b a-A 
i7))lJl-CB£;R$-fr, eMffO . 4;Ltmc7)StSi^J;D=Srl. 
pHiJ'^-y Fii5 ^^:R$-tir-l.<, ^Opffll^5vKJl4 
i7)JKJ¥^#t3RS^L^v^*i\ 1 0 0^>i^Xhn-AJil 
±. 2Atmi,:JlT- S^>l3»i L<{i5 0 0:^>-:^Xbo 
- . 1 mmTT'^^R § -fr ^ i: T&^M i L V ^ , 
[0 1 103 »:t>IOp{i^'7-y h'il5<7)±(3Mg^l 
X 1 O20/cm3 K— rtTtpSGaNiltrO. 5A£m<?D 

K)iiiLmmmi tmmiztx . t--v y^^^if-otz 

f*, p{i3>:7^' hji6(I!)*^/i>a:>y^yi/$rm'>nfl;® 

■s. m.±mcr>pm^y'i'^ hme<r)iixj'^mzmw2 o 

0:5fV;/X hn— A<7)N i - Au J: 3^315140 ptt 
fig7Sr?g^L. -?-0^®l:®7i7)_h{2Au J: 0^^p>^' 
•vYmMS'km^-th. SII±5L:tnfflU3y:S'^' h/IcD^ 

®t=tTi-Al J:0^Snmii9$:J^«-r-l.. 

[0 1 11] ^X±.cr>iio\,zl,xmM^MLfz^jL-Js 

SrS 5 0;um^|CO^-yrt^MLTLED^^i; LT^t. 
C:^. I f 2 CmAlCfc\,^T 5 2 0 nmcT)^^^^ 
t. Vf {±3. 2VX'h-ytz. C:^^^^^r^L. p(il^7-y 
h'S 5 Srm— c^M g K-rA 1 0. 2 G ao. 8 N-CWfig Lfc 
LED#^<50Vf (i:3. 4VT-S)-5^:. $^>(Cf#«»E 



[01123 [||]|ffi0?«2 2] ^S&M2 ltCi5\,^T. pi!) 
^' 7 -y K« 5 ^«fi^-r SSt&^ll ^ , H 1 CO/IOMH^ 

5 0:ti^^";:?.Na-At L. ll2<7)JiS:Mg$: 1 x 1 0 

2 0/ciii3 K— :rL/2:GaN. 5 0 jf>':?''X ha— A t L 

^ix^ix 2 5 aWS L . SSMffO. 23u.mCOW& 

=?-t^i>minmz lt l e ds^ st^be Lfc t >r ^ . 

[0113] immm2 3 1 *]!ffe<?ij2 1 tctJv^T. pw 
7 -y KJi 5 ^mm- hWi^mcr>w-^ ^ , ^ 1 c?);! 1 

0 0^>':?^Xhn— A. ^2<7)JiSr7 0:^V:?'X hn- 
AOMiSt LT. ISJimo. 25um(r>Wi^=F}i'th^ 

\mm{,z\^x\^EDm=f-^^^LfzhL^. vffis. 

[0 114] [|ISfet^J2 4] ^fi?lj2 ltC±JV>T. nm 
ay^^hms-^^^^'^h^,, S 2X 1 019/cm 

3 K-r Lyt nSA 1 0. 2 G ao. 8 N i O^-SI^ 1 <7);i$r 

6 O^y^^Xhn— A. Ti^H— T£7)GaN i O^Sr-^^ 
20S?:4 O^y^J^ha-AiDJlSffiitTS^ii:. ^ix 
^■ixmi7)SS:5 0 0ii. m2i7)Ji$r5 0 0«^5tCiK 

2i:|nI«(cLTLED^-?^f^L;^ci:C^. I5lt< I 
f 2 OmAtCfcl-^T. Vf(43. IVt-^TL. f?^W 

mim.mz]mimLx 2 . 5fgjjJLhti^± t/^ . 
[0115] immm 2 5 :\mmm2 3 i,zts\, ^x. pm 

^yy 5 ^m-r-i>*itS^£^^ 1 £0« ( A 1 „. 2 G 
ao.gN) <7)J^$:6 0:t>-i5^Xha-Ai: ^20 
Jl«7)J3iff$-4 0:t>'i?'Xhn-Afc Lt. -eix^"ix25 

[0116] [mrnm 2 e 1 :^tmiim4 tcs^-ru— 
■rm^^mizmm-t^. 114 ii2tini«(ci/-if3t 

hhtiK m2tm^?>tz^ii. mil oi^rGaNio 

^^»K1 0 iSrffll^Tl^St-I^i:, ^2 0>'N'.y7r 
® 1 1 2 Srfi!c;!$-lf-rt:. nmPf^mai: H-r L/c^3 
c7)/'N'-y7TJil 1 3S:fig:;R$-li:Tvi>^J:C:;!)l;^>i.. c 

[0117] i-f^7r-^TS«±l3MOVPEfe, ^ 
t<{i:HVPE&SrfflV^T. S i 5 x 1 0 is/cm^ K 
-rL^cGaNJISrJ¥$3 0 0Atmm;R§-»i:/^f^. 
7r^r*«Srl^LTff$3 0 0;LtmcoS i K-TG 
a NS^ 1 0 1 zrfm-r ^ . GaN^^lOlti. iiO 

1 a (Cfi'ft;!|^3^f!|si:^^r-I.^£7)±t. 1 0 0 

tZklzX-oXn^tlho GaNSfitl 0 l{4r>'K- 
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[0 118] GaNS^l 0 limik. iSSarl 0 50 
°Cl:LT. S i Sr3x 1 Oi8/cm3 H-rtJtnMGa 
Nj:0=5r-l.^3C0>'N'-y7riIl 1 3^3 Mmcommx-m 
M^-\th. ^j:ism3C0J<-/y7mi 1 3{4lll . Il2tc 
±3V^T n{i|a ^^^VmiA \,zi^%'ri>mX'hi>ifi. « 

W^l 0 1 by^3<7:>^^'yyrmi 1 3fc<7)rai:. ^ilfi«?iJ 
1 tnmi.zLX^Sa^X'^-m^^th^\cr)J^'yyrm^^ 

-^^^xi:>B:\^tiK ^i<^f^-/y7m^^^^^hm^ 

icJi, 3 0 0:5j-yi?';:?.ho-Aj.:JlTt:-ri.C:i:*^'a* L 

[0 119] mzm3C^J^'yyTmi 1 30±tC, 

1 h laiaic: S i Sr5x 1 Oi^/ctf h'-rL/i I no.i 
Gao.gNJ; O'SrSi?'^ v^'KihSl 3Sr5 0 0:^y^ 
:Xh\^—J^<omifX'm.M^-^^. iXI^Z^ S i S: 5 X 1 0 
i8/cin3 F-rt7tnMA lo.2Gao.8Ni'9^rSmi 
CO®. 2 0 3f >'i5''Xha— Ah. S i Sr 5 X 1 O's/cm 
3 H-rL)tGaN i 0=5r-l>ll2cOJi2O^>'^'>cbn 
-AhSr 1 0 om^SlcWSLf^. ^MJ¥0. 4//mc0 

mt^mxKt^^ nm^y-v Ksi4^B£;g$-tt§. 

tC^MfiRI 1 t mmiZ^ S i $r 5 X 1 Oi8/cm3 H-7°t 

[0 12 0] ryv-yi no.zCao. ^nj: o=5r 

^#F«. 2 5:t>:J'"X ha— At. T>'h'— 7°GaN 

Etc 2 0^ 0 3l L . Smt;#FJi^aSLf^i|gMWl 7 
S:^yyxhu-Jx<7)§^MMT^'FW^ (MQW) O^g 

[ 0 1 2 1 ] mMM 1 i: M g Sr 1 X 1 0 
20/01113 Y-yLfzpmA 1 o.3Gao.7NJ:0^l.p{i 
^-r -y rS 1 7$: 3 0 0^>'i?'X bn-AOj^UT'^^R 
^■ti:. Mg$: 1 X 1 O^oycms H-7°Lfv:pMGaNJ: 
•9 Pii3t;<?-f Fil 1 8 ^ 0 . mOMffT^*$ 

[0 12 2] iic^c^)!ffefi?ijl hlil^tctT. MgSrl xi 
O20/cm3K-rLfcpMA lo.2Gao.8Nj: f^^S:^^ 
lOii. 2 0:t>';?'';z.hD— Ai:. MgS-lXlO^o/ 
ctf F— TLAcpMGaNj;0^l.||2«Oil. 2 0:t>- 

•3=Sr.S.p{i!i^7-y K®1 9^J^^L. pffl!l^?7 
■y FSl 9£7)_ht;, MgSr2 X 1 O20/cni3 V—y°l,t:. 
pMGaN J; 0=S:.|>p{l!l3V:J'i7 hji2 OSr 1 5 0:t>' 
[0123] SJC*IT^. 7 0 O-CT-T-- U y^Xtfc 



ft. ^CTl R I E^a^Ci 0«±ii<7)p{il 

ziyiS':^hm20t. pffli^J'^-y KSl 9fcS:x-yf->' 
[0 124] mz. mmmi tmt< pm-=i y^ ^ hm 

20 cox h^-f r y >y i^'S^fflc7){5{^^Mt- N i i: A u 

1 0^'i>paffi2 1 $:?gfiS;L. GaN^MlOlO^ 

(oim±mz. T i tAi XK>^?> nmM2 3 ^mm- 

[0 125] ^AlZ, m4l,Z7ji-tXol,ZpmM2lcr>m 
t:m<. pfflfl^7-yH®19£0S iOjiO^'S.^J? 

2 5^m^L. zco^mm2 5^ifrLx. pmm2it 

[0126] mwBmk. p««s2 i izmm^j::fTf^x'G 
aN^i 0 1 i:^<-mzmmL. mmmizimm^i^ 

W:izpmmi>z^n^j::f3f^x\ ^■^-^:mmtxm4iz^-t 

v-^^'yy°tLfz. ^^izi-yy^y x.-xT'yy m 
m.tyz-Yi^y9b-hm^LfzmB.) T-t-bS^y^tc 
iSSL. P^N°>y Kmii2 2SrV-f-\'— .-K^-x-f >'^L 

M^mm 2.5k A/cm2 . mmME.4 . o v t-. 

:a4 0 5 nin£Oilfg%IE*«iilS$iX. 5 0 0^^ 

1 i 0 . Ma^BrJ^PfioiS*^' 0 < =5: ^ h t J: 
■2., 

[0127] 

[^BJiOS&m] JiJLIilMH^L/::J;at:. ^I^^jt^^g-ff^ 
ilSrfe^tf . «?iJ;ilfi5' y -y b'S^tim— c7)M-fl:^%^#c® 

m.itwmwm^x'i.im.'f-mkifi^'m-hxotcm^^ 
yi!^i^hmtLxmfx\>^htiiib. ^y'y]<mmcomK 

t^-y fztiK :^^mxi±'^mmmz^i-^m=F^^xt 

#1.. *^HJi7)M'fLi|^J^f4s^-?(Ciix{f. LED. L 
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[[13 ] *^B3t^SSIJfeflJ 1 OLD|g^lCi5tt^ P 



[114] :^^B^izi^^ 

[^-^OgJBJ] 

1 . 1 0 • ' • • 

2 . 1 1 • • • • ^^-/yrS. 

3 . 1 2 • • ■ ■ n(i|r7>':$^^ b 
13- • • ^y y"!? E6ih/1 . 
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1 5 • • 

4.16 
1 7 ■ ■ 

1 8 ■ ■ 
5.19 
6. 20 
7.2 1 

8. 22 

9. 23 
24 • 

2 5 • 
10 1 
112 
113 
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pffla^^^v KS 19 

n«iete*-f KHM5 
n<BDC7 7"y KB 14 

^^^-y^B&ihJS 13 
Ay 7t« 11 




ie2<o/<->'7TS 112 
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.pm^r <y bis 
nmytm' sis 

GaN S tet 101 
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